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CYRIL OLIVER BRATLEY, 1903-1948 
JAMES 8S. WIANT 


Cyril Oliver Bratley died of a heart attack on May 9, 1948. He is sur- 
vived by his wife, Eleanor Newcomer Bratley, and four children. His un- 
timely passing was a shock to a wide circle of people in diverse walks of 
life who individually knew him as a personal friend. His death cut short a 
eareer of unusual promise. 

Doctor Bratley was born in Wichita, Kansas, September 1, 1903. Soon 
thereafter his parents moved to Miami, Florida, where the family home has 
since been maintained. He was graduated from the Miami High School in 
1921, and received the B.S. degree in 1925 from the University of Florida, 
where he majored in horticulture. 

From his contacts at Gainesville Bratley became interested in plant 
pathology and chose it for his life work. He entered Cornell University in 
1925 as a graduate student in the Department of Plant Pathology and con- 
tinued there until 1928. He returned to Cornell intermittently thereafter, 
for brief periods, until 1933 when he received his Ph.D. degree. His thesis 
dealt with the storage development of apple seab. 

During the summers of 1926 to 1928 Doctor Bratley served as field as- 
sistant in the United States Department of Agriculture, working on the 
diseases of small fruits. In November 1928 he was appointed to the position 
of assistant pathologist in the Department and rose steadily through the 
intervening grades until appointed senior pathologist in February 1945. 
When the section on Handling, Transportation, and Storage Investigations 
of Fruits and Vegetables was established Doctor Bratley was placed in 
charge of the Market Pathology Laboratory at New York City. He served 
in that position until July 1947, when he moved to Washington, D. C., as 
assistant to the Administrator of the Research and Marketing Act. He 
continued in that position until the time of his death. Doctor Bratley’s 
keen interest, broad experience, and hard work contributed much to the 
success of the vegetable research program initiated under the provisions of 
that Act. 

Doctor Bratley was chiefly concerned with market pathology problems 
during the earlier years at New York. He worked extensively on the stor- 
age development of apple scab, the control of pineapple black rot, the 
storage disorders of citrus fruits, and the transit and market decays of stone 
fruits and small fruits. He served continuously as a consulting specialist 
to the Fruit and Vegetable Branch of the Food Products Inspection Service 
of the Department, aiding in the identification of market disorders and 
periodically helping to train new inspectors. As the program of the New 
York laboratory broadened in scope he joined with others in the Depart- 
ment in conducting extensive rail and truck transportation tests with a 
wide variety of fruits and vegetables shipped from the leading producing 
sections of the country to New York City. He worked closely with the As- 
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sociation of American Railroads and the Refrigerator Car Committee of the 
United Fresh Fruit and Vegetable Association in conducting investigations 
on improvements in the construction and use of refrigerator cars. He as- 
sisted in ship transportation tests from California, Florida, and Puerto 
Rico. During the late war he served as consultant to the War Shipping 
Administration. He was a member of the Scientific Advisory Couneil of 




















1950 WiIANT: CYRIL OLIVER BRATLEY 411 


the Refrigeration Research Foundation and was a contributor to the ‘* Data 
Book’’ published by the American Society of Refrigerating Engineers. 
He served as chairman of the Market Pathology Sub-Committee of The 
American Phytopathological Society. 

Doctor Bratley was author or co-author of the scientific and trade pub- 
lications listed below. He also contributed steadily to a considerable num- 
ber of Department publications issued without indication of his authorship. 
Many of these were research reports distributed directly to members of the 
fresh produce trade among whom Doctor Bratley was well known and 
highly respected. 

Doctor Bratley was a member of Sigma Phi Epsilon, Alpha Zeta, Sigma 
Xi, the American Association for the Advancement of Science, The Amer- 
ican Phytopathological Society, the American Mycological Society, the 
American Society for Horticultural Science, the American Society of Re- 
frigerating Engineers, and the Torrey Botanical Club. 

An account of Doctor Bratley’s life and work would not be complete 
without reference to his long years of membership and activity in The 
Riverside Church of New York City. Dr. C. Ivar Hellstrom, Associate 
Minister of the chureh, has kindly prepared the following tribute to our 
mutual friend and associate : 

‘*Dr. Bratley found time in his busy life to play a very important role 
in The Riverside Church of which he and his family were members until 
they moved to Washington. He was a very friendly person. It was nat- 
ural that he and his wife should be at the center of the life of the church. 
They took a very active part in a social group called ‘The Epicures’ in 
which many rich friendships have been formed. They were active in the 
Parents’ Groups. Dr. Bratley was a member of the Men’s Class and sang 
in its chorus. He was an active member of the Board of Ushers. And in 
spite of his youth he had been for some time a member of the Board of 
Deacons and its Secretary. In all of his relationships he was a person to 
be counted on. 

‘‘T think Dr. Bratley’s unique service was as a teacher of Junior High 
School boys and girls in the Church School. lis deep religious convictions, 
his intellectual honesty, scientific thoroughness and real econeern for boys 
and girls made him an exceptionally valuable teacher. For years his spe- 
cial field was the Life and Teachings of Jesus and no one has excelled the 
effectiveness of his work in that area. But he probably influenced his 
pupils as much by what he was as by what he taught. In spite of his lim- 
ited time he kept track of the eighteen or twenty pupils in his class each 
year, following them up personally as far as possible and reporting those 
who were ill or in any kind of trouble. He loved to sing hymns and he 
infused into the Junior High School department some of his joy in singing 
them, talking to them occasionally about the meaning of some of the hymns 
to which he wanted to introduce them. From time to time the leaders in 
the church, old friends, former teachers, and pupils speak of him in a way 
that makes one realize the appreciation and affection in which he was held 
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in the ving circle of those who worked with him or came under his 
influence. ’’ 
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NEIL STEVENS, 1887-1949 
H. W. ANDERSON 

Neil KE. Stevens, Professor of Plant Pathology in the College of Agri- 
eulture, University of Illinois, died on June 26, 1949, at the age of 62. 
He was born April 6, 1887 in Portland, Maine. He received his A.B. de- 
gree from Bates College in 1908 and his Ph.D. from Yale in 1911. Follow- 
ing his training at Yale he taught botany for one year at Kansas State Col- 
lege. In 1912 he was appointed pathologist in the Bureau of Plant In- 
dustry, United States Department of Agriculture, and was raised to the 
rank of Senior Pathologist in 1931 in which position he served until 1936 
when he came to the University of Illinois as Professor of Botany. In 
March 1942 he was appointed Head of the Department of Botany and 
served in this capacity until 1947, when at his request he was transferred 
from the College of Liberal Arts and Sciences to the Department of Horti- 
culture in the College of Agriculture, as Professor of Plant Pathology. 

Professor Stevens suffered a severe heart attack in January 1948 but 
was able to resume some of his teaching duties in the fall of that year. He 
had requested a sabbatical leave for 1949-1950 and the Board of Trustees 
had granted this at a meeting the day before his death. 

Doctor Stevens was a member of many scientifie societies including the 
American Association for the Advancement of Science, Botanical Society 
of America, The American Phytopathological Society, Mycological Society 
of America, and American Society of Agronomy. He was a delegate to 
the International Botanical Congresses in 1930 and 1935, was elected to 
the presidency of The American Phytopathological Society in 1934, and 
served as president of the Botanical Society in 1947. He also served on 
the council of the A.A.A.S. for a number of years. 

A recent bibliography of Professor Stevens’ writings includes some 175 
publications. About two-thirds of these are conventional scientific articles; 
the remainder indicate his wide interest in education in general. Even 
his scientific treatises often depart from conventional presentation of dry 
facts and contain whimsical comments on fads in scientifie research. In 
his later years he specialized, no doubt deliberately, in fields foreign to the 
routine investigations of plant pathologists. For example, his investiga- 
tion of the disappearance of eel grass along the eastern coast caused some 
raised eyebrows among pathologists, but proved in the end to be of great 
economic importance on account of the relation of this plant to the balance 
of food supply for oysters and fish in the ocean waters. 

Professor Stevens was recognized among plant pathologists for his re- 
search on strawberry and cranberry diseases. After coming to Illinois he 
became interested in the epidemiology of disease, in which field he was 
noted for his outstanding study of the relation of weather to bacterial wilt 


of sweet corn. 
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He believed strongly in education by travel and informal conferences 
with his colleagues. He made it a point to attend state, national, and in- 
ternational meetings of scientists but rarely was found in the formal ses- 
sions at these meetings. 

Socially, Professor Stevens was a delightful companion and a genial 
host. On the Illinois campus he was noted for his many social activities 
and his interest in the organizations of both students and staff. 

As a teacher interested in finding out the qualities necessary to make a 
good teacher, Professor Stevens made a study of the careers of some of the 
outstanding successful teachers in botany and allied subjects. In his own 
teaching he avoided formal presentation of facts and tried to lead his stu- 
dents to think and work independently. 

Professor Stevens is survived by his wife who resides in Champaign; 
his two sons, Carl, Associate Professor of Chemistry, Washington State 
College at Pullman, and Russel, Associate Professor of Botany at Univer- 
sity of Tennessee, Knoxville; and a daughter, Mary, stationed with her 
husband, Lieutenant James MeCray, at Nurnberg, Germany. 
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A PAPER-DISK PLATE METHOD FOR THE QUANTITATIVE 
EVALUATION OF FUNGICIDES AND BACTERICIDES' 


H. 3. THOERBERRT? 
(Aecepted for publication November 10, 1949) 


The ‘*‘Paper-dise Plate Method’’ for the assay of streptomycin (6) has 
been modified for application to the qualitative and quantitative evaluation 
of some fungicides and bactericides. Standard (1) or commonly used 
methods such as liquid dilution culture, Pythium ‘‘liquid’’ plates (8), agar 
plate counts, agar streak plates, germination of conidia or spores on leaves 
or glass slides, and pea-seed treatment (9, 10) generally rely upon frequent 
transfer of culture or growing organisms for a source of test organisms. 
The use of dormant spores in the paper-disk plate method eliminates any 
variability of the test organism such as would be possible by frequent trans- 
fer. Since these dormant spores are known to remain viable without de- 
tectable changes in response to toxicants for at least 2 years when stored at 
2° to 4° C., they provide a reproducible test organism for replications in 
extensive and comparative studies. Also, the size of the zone of inhibition 
is related to the concentration of the toxicant, permitting a quantitative 
estimation of toxicity without need for establishment of an end point of 
toxicity. In addition, the procedures, except for the preparation of spores, 
ean be carried out by personnel without a high degree of technical training 
in microbiology. In a general survey for toxic substances and exploratory 
studies on toxicity, the method affords another set of conditions by which to 
detect promising substances. By prey ious correlation of toxic responses of 
this test organism with specific pathogens or other organisms of interest, 
this simple, quantitative, and relatively rapid method may offer certain ad- 
vantages. The purpose of this paper is to present the modification of the 
streptomycin assay procedures 6) for the assay of bacteriostats, bacteri- 


cides, fungistats, and fungicides, subsequently referred to as toxicants. 


MATERIALS AND METHODS 


In general the materials and methods are similar to those given for the 
assay of streptomycin (6). However, some additional details and modifica- 
tions are presented where they are appropriate. Strict aseptic precautions 
are not necessary except for preparing the stock suspension of spores of the 
test organism. 

Uniform thickness of the assay medium is important. To achieve uni- 

1A ‘‘leaf disk assay’’ has appeared after submission of this paper. This method, 
however, does not employ a nonvarying stock of dormant spores for the test organism. 
Leben, Curt, and G. W. Keitt. Laboratory and greenhouse studies of antimycin prepara- 
tions as protectant fungicides. Phytopath. 39: 529-540. 1949. 

2 Division of Plant Pathology, Department of Horticulture, University of Illinois, 


Urbana, Illinois. 
Acknowledgment is given to Mrs. F. M. Shannon for technical assistance, 
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formity of thickness, the medium is added to the Petri plates in two opera- 
tions. First, a quantity of the molten medium without the test organism 
‘non-seeded’’ agar) is added for a base by which to level the surface and 
to facilitate the spreading of the agar subsequently added. Second, a quan- 
tity of warm medium containing the test organism (“‘seeded’’ agar) is ap- 
plied to the surface of the solidified non-seeded agar. With a relatively thin 
layer of the seeded agar, the inhibition of growth forms a cleared zone with 
distinct margins. With a relatively thick layer of seeded agar, the zones of 
inhibition have a cone-shaped, poorly defined margin which is difficult to 
measure 
Wedium Dehydrated Streptomycin Assay Agar’ was used for the 
medium according to the directions on the container. The constituents of 
the medium are given in the formula on the label and in the streptomycin 


assay procedure (6 


Test organism. Spores of a strain of Bacillus subtilis' were used for the 

test organism. The question as to the particular strain to be utilized is prob- 
abl ‘onsequential, since this organism is rather variable, and also since 
ertain standardizations are necessary for each source and preparation of 
the test spores. The vegetative cells were killed, by pasteurization at 85° C, 
for 10 min. The temperature of the bacterial suspension should be brought 
to 85° C. from about 60° C. within 5 min. and then rapidly reduced to at 
east 60° C. at the end of the 10-min. treatment. 

Preparation of assay plates. Flat-bottomed, 90-mm. Pyrex Petri dishes 
were used, arranged on a leveled surtace with tops removed. Kor these 
dishes, 15 ml. of non-seeded medium are sufficient, but for 90-mm. dishes 
with uneven bottoms, 20 ml. of the medium are required to compensate for 
the irrezular surface. The hot non-seeded medium (from 80° to 90° C.) 
was ] tted into the leveled plate bottoms without special aseptic precau- 

ions. A pipette with a large opening at its tip permits rapid filling of 
plates while the agar is hot. When this agar has solidified, 5 ml. of the 
warm seeded agar 1s applied without special aseptic precautions. The seeded 
agar is prepared by cooling the molten agar to 80° C. and then adding the 
amount of bacterial spore suspension to provide from 0.5 to 110° viable 
spores per ml. of seeded agar. While the seeded agar is still molten, the 
plat ; tilted to assure even coverage before the agar solidifies. The plate 
is returned to the leveled surface for final leveling and solidification of the 
aval The tops are then ré placed and the poured plates stacked in a re- 


frigerator at 2° to 4° C., upside down, to prevent condensation of moisture. 
They may be stored for approximately 1 week in the absence of forced venti- 
lation in the refrigerator, but are ready for use as soon as they have become 


thoroughly chilled. The Petri dishes from discarded assays are thoroughly 


Difeo Laboratories Inc., Detroit, Michigan. 

Originally obtained from the Department of Bacteriology, University of Illinois. 
A culture of this U. I. strain has been sent to the American Type Culture Collection, 
2029 M Street N.W., Washington 6, D. C., for deposit; assigned number 10707. This 
gen sts other strains of the organism for assay of antibiotics. 
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washed and dried but not sterilized, for subsequent use as assay plates. A 
rapid and satisfactory washing operation is as follows: the agar is flipped 
out while moist, brushed with a solution of trisodium phosphate, thoroughly 
rinsed in warm running tap water, and finally dipped in distilled water con- 
taining enough hydrochloric acid to assure complete neutralization of any 
residual trisodium phosphate. 

Preparation of test samples. Test samples of the substances to be as- 
saved may be prepared from a stock solution of the chemical in 0.1 molar 
potassium phosphate buffer at pH 7.8, in distilled water, in ethanol, or in 
other nondisturbing solvents. From the stock solution, the appropriate dilu- 
tions in buffer, water, or alcohol are prepared for application to the paper 
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Fic. 1. Relation of the volume of liquid applied to disks to the size of zones of 
inhibition of growth. 

Setting up the assay. Filter-paper disks® (13) are speared individually 
with a needle and planted upon the chilled seeded agar of the plates aecord- 
ing to an underlying guide. A seven-disk guide consisting of white paper 
with a 90-mm. India-inked circle for plate alignment and seven evenly 
spaced 12.5-mm. circles (one in center and six in the outer portion) for disk 
placement provides for zones of inhibition up to about 30 mm. in diameter. 
The liquid should be applied immediately after the pads are planted upon 
the agar. Volume of test liquid varies according to the paper from 


5 Filter-paper disks, }-in. (12.7-mm.) diameter, No. 740-E, Carl Schleicher and Schull 
Co., New York. 
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which pads are prepared and should be slightly less than the amount neces- 
sary to saturate the disk. For the disks used herein, 0.09 ml. proved to be 
satisfactory (Table 1, Fig. 1). The solutions were measured and applied 
with 0.1-ml. micropipettes® and rubber bulbs. By assaying in series from 
the most dilute to the most concentrated solution, all samples of a given 
chemical can be applied without a change or washing of pipette. 

TABLE 1.—Relation of volume of solution applied to paper disks to the size of the 


zone of inhibition produced by 8-quinolinol at 5x10" molal in distilled water and in 95 
pe rcent ¢ thanol 


Aqueous solution Aleoholie solution 
Vo um 
ipplied No. of Ring C.V.a No. of ‘Ring C.V.a 
mil diameter diameter 
assays (per cent) assay® (per cent) 
(mm. (mm. ) 
| 4 0.00 0.0 6 0.00 0.0 
9 4 0.00 0.0 6 0.00 0.0 
0.03 8 5.25 10.7 6 0.00 0.0 
0.04 8 14.87 Be 6 14.75 1.9 
F 8 16.31 4.3 6 16.41 2.3 
~ 18.37 2.6 6 18.25 2.3 
7 8 19.25 2.6 6 19.25 1.4 
)8 8 20.44 2.1 6 21.08 1.0 
)9 8 21.94 2.8 6 21.50 1.5 
8 23.00 3.1 6 22.83 1.8 
8 23.75 2.5 S 24.00 a4 
ss 24.63 2.1 S 25.62 Lo 
| 25.38 1.8 
0.14 4 26.50 3d 
Cont 
sst n 
rn 16 22.09 2.4 14 19.50 3.0 
C.V., coefficient of variability. 
Sig. dif. M 20 at 5 per cent level and 3.19 at 1 per cent level for aqueous solutions. 
Sig. dif. M 0.59 at 5 per cent level and 1.39 at 1 per cent level for alcoholie solutions. 


Incubation of plates. The plates were incubated at 30° C. for 16 hr. 
They can be incubated for about 24 hr. without a change in size of zones, but 
longer periods allow contaminating organisms to obscure the zone of inhibi- 
tion and interfere with measurement of zone diameter. Periods shorter 
than 16 hr. do not permit sufficient growth in the noninhibited area to allow 
distinet zones for measurement. 

Weasurement of ring size. The diameter of the zone of inhibition was 
measured to 0.5 mm. by means of a metric ruler and a magnifying reading 
olass suspended at the proper focal leneth of the lens above the illuminated 
plates. Plates were illuminated from below at approximately a 45-degree 
angle with a 75-watt incandescent light bulb. To avoid parallax, measure- 
ments were obtained through a peepsight mounted directly above the lens 
in the axis of the lens and zone of inhibition. 

Estimation of toxicity and concentration. The toxicity or inhibitive 


Blood Sugar or Gagedorn-J ensen micropipettes with white background. 
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Fic. 2. Relation of concentration of 8-quinolinol to size of zones of inhibition of 
growth. 


capacity of a substance that is measurable by this method can be ascertained 
by comparison with some reference toxicant according to the concentrations 
of the respective substances tested. The quantity of a given toxicant in a 
solution of unknown concentration can be estimated. from a standard curve 
of zones of inhibition produced from known amounts of the substance. By 
plotting results on coordinate paper with the concentration on a logarithmic 
scale as the abscissa against zone size (either the square of the zone diameter 
or the area of the zone size) as ordinate, the coordinates present a straight- 
line relationship within a certain range of concentrations (Table 2, Fig. 2). 


TABLE 2 The relation of inhibition cone size to the concentration of S&S quinolinot 


in aqueous solution 


Zone diameter 


Molarity Concentration, No. of 
(104 p-p-m. assays Mean C.V.a 
(mm. ) (per cent) 
0.9 13.0 y 0.00 0.0 
L.0 14.5 9 4.67 12.5 
2 0 29 0 9 15.50 2.8 
3.0 $3.5 y 17.78 2.5 
$1) 58.0 9 19.67 1.4 
5.0 72.0 9 22.17 3.0 
6.0 87.0 9 23.33 3.0 
7.0 101.5 a) 24.44 2.8 
8.0 116.0 9 25.55 2.2 
9.0 130.5 9 26.44 By 
10.0 145.0 v 27.06 1.2 
Control: 
Streptomycin, 
25 units per ml. 9 22.09 2.7 


‘C.V., coefficient of variability. 
Sig. dif. M 0.80 at 5 per cent level, 1.05 at 1 per cent level 
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Plotting results on a straight line makes it easier to estimate the concentra- 
tions between determined quantities by interpolation and bevond ascertained 


values by extrapolation. 
RESULTS AND DISCUSSION 


The optimal volume of liquid to be added to the paper disks was deter- 
mined by applying varied amounts of a 5x 10% molar solution of 8-quin- 


olinol (8-hydroxy quinoline—Bioquin) in water to individual disks 


mounted on the agar (Table 1). When these data were plotted with the 
zone diameter squared as abscissa and the volume of liquid applied as ordi- 
nates, the coordinates from a certain range of volumes (0.07, 0.08, 0.09, and 
0.1 ml. per disk) approximate a straight line that extrapolates to the axis 
of the coordinates (Fig. 1). More than 0.1 ml. per disk obviously flooded 


tne pad and the coordinates ot these volumes deviated from the line extra- 
polated from the mentioned values. Six-hundredths of 1 ml. per disk also 
deviated to some extent from the extrapolated line. This deviation may 
have resulted from some unapparent error in calibrations on the micro- 
pipette or in measurement of the applied volume, since the values from 0.05 
and 0.04 ml. were in close alignment to the extrapolated line. Volumes of 
0.03 ml. and less did not produce zones of inhibition beyond the size of the 
disk. This agrees with the extrapolation. In these studies, 0.09 ml. per 
disk was selected for the procedures in order to permit the largest zone 
of inhibition without danger of flooding the pads. 

Later in the studies it was found that the method was applicable for 
assaying substances dissolved and diluted in 95 per cent ethanol for appli- 
eation to the disks. The optimal volume of alcoholic solutions to be applied 


to the disks was determined by applying varied amounts of a 5 x 10% molar 
solution of 8-quinolinol in 95 per cent ethanol to individual pads on the agar 

Table 1] The results were similar to those from aqueous solutions within 
a range of volumes up to 0.11 ml. (Fig. 1). Volumes of 0.09 ml. or more 
flooded the pads, whereas 0.08 ml. did not. For assaying substances in alco- 
holie solution, it would be advisable to use 0.08 ml., but in these experi- 


ments 0.09 ml. was used for all assays in order to maintain the volume con- 
Stant Although there was flooding with this or greater volumes of alcoholic 


solutions, the zones of inhibition were circular. Even when the flooding re- 


sulted in irregular spreading on the agar, the zones were, for the most part, 
circula W hen the Petri dishes were exposed with tops removed in the 
neubator at 30) LS. for 15 min - the eXCeSS aleohol evaporated. The lids were 


then replaced so that the agar would not dry during incubation. Alcoholic 


solutions applied to the disks in Petri dishes reduced the zone size from the 


test control of streptomycin in aqueous solutions on the same plates. This 
reduction was approximately 2.00 mm. in diameter (2.59 mm. in table 1, 
2.83 mm. in table 2, 2.13 mm. in table 3, and 1.95 mm. from a comparison ol 


64 plates with aqueous solutions and 60 plates with alcoholic solutions. 


The effect of H-ion concentration on the inhibition zone size of a 5 x 10% 
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molar test solution of 8-quinolinol was determined in 0.1 molar potassium 
phosphate buffer between pH 4.0 and 10.0. No recognizable change in zone 
size was detected from solutions at this range of pH values when applied 
to disks on agar buffered at pH 7.8. 

The relationship of inhibition zone size to concentration of toxicant was 
determined for 8-quinolinol in aqueous solutions (Table 2). When these 
data are plotted on coordinate paper with log. of the concentration as 
abscissa and with zone diameter squared as ordinates, the coordinates ap- 
proximate a straight line except for the zones less than 17 mm. in diameter 
(Fig. 2). Zones of inhibition above 17 mm. in diameter appear to be reli- 
able for assaying toxicity or concentration of 8-quinolinol. The amount of 
this chemical in a solution, the concentration of which was unknown to the 
assayer, was determined within 2 per cent of the actual concentration by 
applying the results to the chart in figure 2. Although the method is not 
so sensitive as some other tests (7) and the estimation of quantity of the 
chemical is not highly accurate, the measurements require only a very small 
volume of solution for the assay. Such a micro method may have varied 
applications, such as the detection or measurement of contaminating toxic 
substances in various products and the concentration of a given toxic sub- 
stance at stages of preparation and purification. 

Size of the zone of inhibition may be increased by delayed incubation. 
This was accomplished by holding plates for a time at 4° C. after setting 
up the assay plates and before incubation at 30° C. The values (mean of 
six assays of 5 x 10°* molar 8-quinolinol) of the increased zone diameter due 
to storage for varied times were 0.21 mm. for 1 hr., 0.60 mm. for 3 hr., 1.33 
mm. for 6 hr., 6.54 mm. for 36 hr., and 11.83 mm. for 48 hr.; that for strep- 
tomycin was 2.36 mm. for 6 hr. Increased zone size from holding the plates 
at a low temperature to delay erowth processes of the test organism is 
thought to allow the toxicant to diffuse into the medium and reach inhibition 
concentrations farther from the pad than by immediate incubation. Pre- 
incubation storage at low temperature may be serviceable in special cases 
to increase the sensitivity of the method for toxicants or their concentra- 
tions that produce only slight inhibition. Otherwise, this procedure has no 
advantage. 

The method was tested further for its application to the measurement of 
toxicity or inhibition of growth by some dyes in aqueous and alcoholic solu- 
tions. The dye solutions for testing were prepared according to the molecu- 
lar weights listed by Conn (2). No attempt was made to adjust for blends 
or impurities in the products used. Results (Figs. 3 and’ 4) indicate that 
the procedure is applicable to the assay of dye toxicity or inhibition of 
growth. They also indicate that ethanol as well as water can be used as 
solvent and diluent. In addition, they show that the diluent affects the size 
of the zone of inhibition from some substances. The explanation for these 
differences is not apparent from these data. Some other dyes that are not 
indicated in figures 3 and 4 inhibited growth to only a slight degree at 
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Eosine Yellowish, Fluorescene, Methyl Blue, and Aurin). Although 
Phloxine-B and Rose Bengal are acid dyes, they inhibited growth of the 
organism. Whether this inhibition of growth is attributed directly to the 
acid dye or to some impurity in the product was not ascertained. In the 
case of Basic Fuchsin, a stained zone of colony growth occurred, approxi- 
mately 4mm. greater than the diameter of the zone of inhibition. This ring 
of stained growth suggests that a nontoxic dye was present. Since the com- 
mercial product is composed of three dyes, and since one of these constit- 
uents is pararosanaline (2), nontoxic to some bacteria (12), this stained 
ring may well be caused by nontoxic pararosanaline. This suggests that 
the method may be applicable for the detection of certain impurities in 
products or substances added for various purposes. 

Some representative organic fungicides at 0.1 per cent solution or sus- 
pension of the active constituent in distilled water and in 95 per cent 


ethanol were tested by the method. Results (Table 3, mean of two assays) 


TABLE 3.—Assay of representative fungicides in 0.1 per cent solution or suspension 
of the active constituent in aqueous and alcoholic solutions 


Aqueous Alcoholic 
Fungicide and percentage of active constituenta somution solution 
(mean zone (mean zone 
diameter ) diameter ) 
(mim, ) (mm, ) 
Arasan SF (tetramethyl thiuram disulfide), 75 33.50 33.75 
Zerlate (zine dimethyl dithiocarbamate), 76 21.75 22.50 
Dithane Z-78 (zine ethylene bisdithiocarbamate ), 98 19.50 17.50 
Dithane D-14 (disodium ethylene bisdithiocarba 
mate hexahydrate), 25 35.00 32.00 
Ceresan M (ethyl mercury p-toluene sulfonani 
lide), 7.7 16.75 19.50 
Spergon (tetrachloro para-benzoquinone ), 98 0.0 0.0 
Phygon (2,3-dichloro-1,4-naphthoquinone), 87 0.0 0.0 
Bioquin 1 (copper 8-quinolinolate) , 80 14.25 18.50 
Puratized N5-E (phenyl mercury triethanol 
ammonium lactate), 10 31.75 28.50 
Hyamine 1622 (di-isobutyl phenoxy ethoxy ethy] 
dimethyl benzyl ammonium chloride), 100 19.00 19.00 
Control: Streptomycin, 25 units per ml. 22.00 19.87 


4 Information on fungicides is available in the report by Frear, Hilborn, and Prince 
(3). 
indicate that the toxic or inhibitive substance of some of these materials can 
be assayed in either aqueous or alcoholic solution by this method. Some of 
the materials inhibited growth to a greater extent in water than in alcohol, 
whereas some others were more active in alcohol than in water. Hyamine 
1622 inhibited growth to the same degree in either solvent. 

Some inorganic substances that are generally toxic to microorganisms 
were tested in aqueous solution by this method. Cuprie sulfate and silver 
nitrate caused no inhibition at 1 x 10-° molal. Zine sulfate at 1 x 10-° molal 
occasionally inhibited growth to a slight extent beyond the diameter of the 
disks. Mereurie chloride inhibited growth as follows: 1x 10-* molal, 16.0- 
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mm. diameter zones; 5x 10 molal, 19.5-mm.; and 1 x 10°° molal, 27.0-mm. 
These data suggest that the method is not applicable for the assay of ioniza- 
ble substances for their toxicity or inhibition of growth when the active 
component is a cation. The negatively charged filter paper and the anion 
of any ionized agar—gelation due to salts of the agar sulfurie acid ester con- 
stituting the agar (5)—-of the medium would be expected to adsorb posi- 
tively charged ions. Also the alkalinity of the agar medium and the phos- 
phate present would tend to precipitate many cationic morganic toxicants 
n the form of hydroxide and phosphate respectively. Such adsorption and 
precipitation would prevent movement of the toxic cation from the paper 


disk and through the agar medium. Mercurie chloride, being largely non- 


ionizable, would be expected to move from the paper pads and through the 
medi since this substance would not be dissociated into the mercuric 
ation and chloride anion. This reasoning is substantiated by the results 


of no inhibition from cupric sulfate and silver nitrate but inhibition from 
ercurie chloride 

‘he method should have application for the evaluation of fungistats, 

fungicides, bacteriostats, and bactericides, for general screening survey for 


} 


toxic substanees, and for certain toxicity studies. However, it is not appro- 


priate for testing some substances. Test organisms that may be of particular 
meern can be substituted by certain modifications. The method can be 
ised to measure toxicity of residues from sprays or dusts that have been 
veathered (4) or treated in some manner by suspending the residue in a 
suitable liquid. 


SUMMARY 


The *‘paper-disk plate method’’ for the assay of streptomycin has been 
modified for the evaluation of fungistats, fungicides, bacteriostats, and 


npacter1weildes 


n aqueous or aleoholic solutions using a nonvarying stock of 


spores of the test organism. Bacillus subtilis. 


With these paper disks, the optimal volume of liquid to be applied to the 


pads is 0.09 ml. for aqueous solutions and 0.08 ml. for alcoholic solutions. 


Concentration of a substance in a solution can be assayed by applying 
the values of the zones of inhibition to a standard curve plotted from values 
of known concentrations of the chemical. 


‘he method is applicable for evaluation of fungistats, fungicides, bac- 
teriostats, and bactericides that are, for the most part, nonionizable in water 
or ethanol, but it is not applicable for cationic toxicants. 

The method may be modified for other test organisms and for testing 
spray or dust residues on foliage or glass slides. 
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A disease of sorghum caused by Colletotrichum and occurring in Missis- 
sippi was described in 1945 by Lohman and Stokes (4), who pointed out the 
elose similarity between the causal agent and Colletotrichum falcatum Went, 
the cause of the red-rot disease of sugar cane. They also reported that red 
rot of sorghum was produced by cultures of C. falcatum from sugar cane. 
The relationships between C. falcatum and other Colletotrichums affecting 
erasses have been discussed in the literature. Edgerton (3) concluded 
that C. faleatum was distinet from C. lineola Cda. and C. cereale Manns. 
Butler and Hafiz Khan (2) stated that C. lineola from Andropogon sor- 
ehum in India was not parasitic on sugar-cane leaves, and concluded that 
this species was distinct from C. faleatum. Abbott (1) found that C. fal- 
catum from sugar cane was morphologically similar to the Colletotrichums 
affecting other grass species in Louisiana. He also pointed out that Col- 
letotrichum isolates from certain grass species in Louisiana were parasitic 
to sugar cane and concluded that these isolates represented C. falcatum 
rather than a different species. In his studies, inoculation of sugar cane 
with authentic eultures of C. graminicolum (Ces.) G. W. Wils. failed to 
produce red rot 

The present writer has studied several hundred isolates of Colleto- 
trichum from different grass host species and from different localities for 
pathogenicity to sorghum and sugar cane. The results are presented in 
this report 


METHODS 


There are two aspects of the disease produced by Colletotrichum on 
sorghum and sugar cane—leaf spotting and stalk or red rot. With sugar 
eane, red rot is by far the most important phase of the disease from a 
pathogenic standpoint, and it was with respect to this phase of the disease 
that the pathogenicity of the Colletotrichum isolates was studied. On sor- 
ehum both aspects of the disease are important, and in studying the patho- 
genicity of isolates on this host their ability to produce leaf spot as well as 
stalk rot was studied 

Th ability of the Colletotrichum isolates to cause red rot was deter- 
mined on 3-ft. stalks of sugar cane variety C. P. 29/116, and on [ex sor- 
vhum. This sugar-cane variety normally remains free from natural in- 
fection in Mississippi. The sorghum stalks were from plants in flowering 
to milk stages, and despite the precaution of selecting the stalks from fields 
with only a trace of leaf spot a small amount of natural infection was 
present. The median internode of the experimental stalks was punctured 
with a special cork-borerlike instrument and a spore and mycelial suspen- 


130 
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sion of Colletotrichum was introduced into the stalks. The inoculated 
stalks, in an upright position in metal cans, were incubated at 65°—80° F. 
High humidity was maintained at all times. Red rot develops rapidly in 
eut stalks of both sorghum and sugar cane under these conditions. After 
an incubation period of about 3 to 4 weeks the stalks were split longitudi- 
nally for observations of disease development. The amount of disease in 
the inoculated internodes was recorded for each stalk as 1, 2, or 3 respec- 
tively for red discoloration involving one-fourth, one-half, or all of the 
area. Spread of the disease into adjacent noninoculated internodes was 
also recorded as the number of additional internodes involved. Noninocu- 
lated, unpunctured controls of sugar cane were always clean and thus re- 
ceived a rating of 0. The noninoculated, punctured controls all showed 
some spread of red discoloration from the point of puncture and thus re- 
ceived ratings of 1 or more. From these records on individual stalks a 
pathogenicity index for each isolate was calculated by dividing the sum of 
the ratings of all stalks inoculated with any given isolate by the number 
of stalks. 

Pathogenicity tests with respect to leaf-spot production on sorghum 
were conducted in the greenhouse. Sorghum seedlings of the variety Col- 
lier were inoculated, when in the 6-to-7-leaf stage, with a spore and my- 
celial suspension of Colletotrichum forced into the leaf whorl by means of 
a hypodermic needle and syringe, the needle being inserted between the 
second and third leaves. Two to 3 weeks after inoculation, the disease was 
rated 1, 2, or 3 as follows: 1—few small pinpoint chlorotic or necrotic flecks 
only; 2—numerous pinpoint necrotic flecks with spots up to 2 mm.; 3 


large leaf spots up to 5 mm. with sporulation. 
RESULTS 

Data for pathogenicity of 381 isolates of Colletotrichum from six hosts 
are summarized in table 1. The pathogenicity indices given are averages 
for the corresponding numbers of isolates. Cultures of the same isolate 
from any one source were used on each host for the most part. The per- 
centage distribution of isolates into classes indicate how pathogenicity was 
distributed within any given source of isolates. 

The 90 sugar-cane isolates had a low average pathogenicity index on 
sorghum leaves. The majority fell in class 1, about one-third fell in class 2, 
but none were in class 3. Practically all were considered weak or non- 
pathogenic on sorghum because of the lack of definite leaf spots and fungus 
fruit bodies. In contrast, the sorghum isolates had a high average patho- 
genicity index on sorghum with almost three-fourths of all cultures falling 
in the highly pathogenic class 3. The average pathogenicity indices of the 
remaining isolates (from Johnson grass, Sudan grass, Frianthus, and 
broomeorn) were intermediate, but in each group approximately one-third 


cr more of all the cultures tested fell in the highly pathogenic class 3. 
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Thus, the chief difference between these groups of isolates and the sorghum 
isolates was in distribution among pathogenicity classes. 

With sugar cane as the test host, a reversed trend in pathogenicity was 
observed. In this case the majority of the sugar-cane isolates fell in the 
highly parasitic class, so that the average pathogenicity index was high. 
Very few isolates from the other sources were pathogenic to sugar cane. 


With the exception of those from Johnson grass the majority of the iso- 


lates fell in class 1, a class of doubtful parasitism since punctured nonin- 
oculated stalks frequently yielded ratings of 1 and occasionally 2 on the 
basis of discoloration. Among the Johnson-grass isolates, a greater per- 


centage fell in the intermediate Class 2, a weakly pathogenic class. It is 
ar why this group of Johnson-grass isolates (all secured from the 
vicinity of Meridian, Mississippi) should have behaved in this manner, 
n subsequent tests in which sugar cane was inoculated with Johnson- 


rass isolates from several other localities the results were more nearly like 





those secured for isolates from sorghum, Sudan grass, and Hrianthus. 
TABLE 1.—Pathogenicity indices on sorghum leaves and sugar-cane stalks obtained 
th g ates of Colletotrichum from six hosts 
Sorghum leaves Sugar-cane stalks 
Percentage Percentage 
Ss Average ; ' ¥ , Average 
Numbe t] distribution Number t] distribution 
pa lope . . mn 1Oye . . 
of . of isolates in of Pe of isolates in 
’ nicity nicity 2s 
isolates ' pathogenicity isolates ; : pathogenicity 
Index , . index . 
CF1ASSECS classes 
Sug JU 66 34 VU 111 2.81 6 6 87 
Sorg 12] 12 14 74 118 1.15 86 13 2 
Sudan gras 34 21 26 53 38 1.28 7 29 0 
Johnson g 43 23 30 47 3 1.82 0 59 12 
Erianthus 3) Joe 25 19 57 3 1.13 87 13 0) 
Broon I 10 » 30 10 60 30 15 1.20 S7 13 0 
Cor . 
r ).0 kaa 
[7 d () 0.00 


These group differences in pathogenicity for sugar cane were further 
emphasized by a consideration of spread of the disease from inoculated in- 
ternodes into adjacent and in many cases more distant noninoculated inter- 
nodes. Spread of the disease into one or more noninoculated internodes 
was obtained with 92 per cent of all isolates from sugar cane, whereas only 
9 per cent of the Johnson grass, less than 1 per cent of the sorghum, and 
none of the isolates from Frianthus and broomeorn spread, into noninocu- 
lated internodes. Another striking point of difference between the groups 
n the appearance of invaded tissues (Fig. 1). The majority of the 


was 1 l 


SuGar-cane isolates produced the typical marble pattern of red rot (dark 
red and lieht areas in the affected internodes), whereas the most aggressive 
from the other sources produced a solid dark red discoloration 


7 
isolates 


throughout the invaded tissues. 
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An additional group of isolates from Johnson grass, sugar cane, and 
sorghum was tested for pathogenicity towards sugar cane and sorghum, 
using stalk rot as the criterion for comparison for both host plants. The 














E 


Fig. 1. Red rot in sugar cane variety C. P. 29/116 after artificial inoculation. A, 
B, C, and D inoculated with sorghum isolates; E and G inoculated with sugar-cane iso- 
lates; F inoculated with a Johnson-grass isolate. H, punctured control. 
results from these tests are in table 2. In keeping with the results reported 
above, only isolates from sugar cane possessed any strong degree of patho- 


genicity towards sugar cane, those from sorghum and Johnson grass being 
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slightly virulent to nonpathogenic on this host. Pathogenicity on sorghum 
by cultures from sugar cane was very rare or absent. In these tests, using 
stalk rot in sorghum as the criterion for pathogenicity, disease indices were 
higher than when leaf infection was used. Not one suear-ecane isolate fel] 
in pathogenicity class 3 when leaf infection was the criterion. The deter- 
mination of pathogenicity by leaf inoculation was more critical than by 
stalk inoculation. This is emphasized by the relative pathogenicity in- 
dices recorded for the controls. Johnson-grass isolates were for the most 
part highly parasitic to sorghum and, with one exception, there were no 


differences among isolates from different localities. The spread of infee- 


tion in sorghum stalks from inoculated internodes into noninoculated inter- 
TABLE 2.—Pathogenicity of Colletotrichum from differe nt hosts and localities 
wa 0 ghum and Sugar caive 
Sorghum stalks Sugar-cane stalks 


Pere ntauge 


Percentage 


S ce of verage : Average } . : 
- Number A ae S distribution Number pei distribution 
Ss . : ove 2 ° » ma re - 
of it OE of isolates in ot pete th of isolates in 
, nicity et ° nicity “or 
isolates . ' pathogenicity isolates : pathogenicity 
index . index ; 
classes classes 
Mississipp 29 2.93 0 7 98 31 1.10 909 10 0 
\ 20) 70 > 20 75 
-~ 9 al 
Louisiana 15 1.53 60 27 13 14 2.79 7 7 SO 
Mississippi 26 1.46 58 39 3 19 2.95 0 > 95 
Johnson grass 
Mississipp 
S/ 4 | » 93 0 7 93 28 1.18 82 18 0 
HS 2.48 > 5 §&2 3D 1.14 86 14 () 
| sial 29 9 93 4 0 97 15 1.13 RT 13 0 
(‘or @ 
Punctured 1.13 1.00 
Unpunetured 0.38 0.00 
Collection from State College. 
Collection from Holly Springs. 


nodes occurred almost exclusively with isolates from sorghum and Johnson 
erass, 96 and 91 per cent respectively of those isolates expressing this ag- 
gressive development. Only 8 per cent of the sugar-cane isolates spread 
beyond the inoculated internodes of sorghum. 

The pathogenicity of 85 Colletotrichum isolates from sorghum and 
Johnson grass was measured by the stalk rot and leaf spotting they pro- 
duced on sorghum. The data (Table 3) show a rather close agreement 
between the values obtained by the two methods. For each of the three 
eroups of isolates pathogenicity as measured by stalk infection was posi- 
tively correlated with pathogenicity as measured by leaf infection, the cor- 
relation coefficients being + 0.4288, + 0.6335, and + 0.8127 for the sorghum, 


Holly Springs Johnson grass, and State College Johnson grass groups re- 





+() 
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spectively. A coefficient of + 0.7033 was obtained for the combined groups. 
There was, however, a shift in the distribution of isolates in pathogenicity 
classes; fewer isolates fell in the highly pathogenic class 3 when judged by 
leaf infection. Such a shift was to be expected since the mechanical injury 
incident to stalk inoculation often causes a red discoloration indistinguish- 
able from that produced by Colletotrichum, whereas mechanical injury from 
leaf inoculation was readily distinguishable from infection and did not 
enter into the disease ratings (Fig. 2). Data for control plants in tables 
1 and 2 illustrate this point. The leaf-inoculation method is therefore a 


more critical test of pathogenicity of Colletotrichum on sorghum than the 


stalk-inoculation method. 


TABLE 3.—Pathogenicity of Colletotrichum isolates as measured by leaf infection 
and stalk rot of sorghum 
Stalks Leaves 


Percentage 
distribution 


Percentage 


~~ ‘ce d rere . ‘ 2 . ‘ Aver: 3 
Source of Average Satatiation Wausber Average 


Number 


isolate . ¢ »- ae : . ¢ »- rag : 
isola of P ithoge of isolates in of P thog of isolates in 
isolates re pathogenicity isolates ve pathogenicity 

index S : index Ai 

classes classes 
1 g 1 g 
Sorghum 29 2.93 0 7 93 29 2.83 0 17 838 
Johnson grass 

HSa 33 2.48 3 46 51 33 2.03 24 49 27 

SCb 24 2.92 0 8 92 24 2.63 S 2a 73 


‘ Collection from Holly Springs, Mississippi. 

» Collection from State College, Mississippi. 

A group of miscellaneous isolates of Colletotrichum from several other 
grass species was tested for pathogenicity to sugar cane and sorghum. 
One isolate from Festuca elatior, two from Panicum sp., four from Echino- 
chloa colona, and 17 from Digitaria sanguinalis were tested on sugar cane. 
The highest disease rating observed for anv one isolate Was 76; with al 
average rating of 1.13 for all isolates. In no case did the disease spread 
into noninoculated internodes following inoculation with any of these iso- 
lates. Twenty-eight isolates from the following host species were tested 
for pathogenicity to sorghum: Digitaria sanquinalis, Echinochloa colona, 
Festuea elatior. Panicum sp., Agropyron cristatum, A. smithu, A. tenerum, 
Agrostis capillaris, A. gigantea, Dactylis glomerata, Poa pratensis, and 
Elymus glaucus. The average pathogenicity index for the group was 1.11, 
with a high of 2.00. Thus, within the limits of these tests, none of the 
miscellaneous isolates from grasses could be considered pathogenic to sor- 
¢ghum or sugar cane. 

DISCUSSION 

Three species of Colletotrichum have been described as occurring on 

different orass species, C. faleatum, C. lineola, and C. cereale. The latter 


two species have been placed in a single species, C. graminicolum, by Wilson 
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(5). <A large number of isolates from many grass species reportedly hosts 
of C. graminicolum, and a number of isolates from sugar cane were studied. 
From the standpoint of pathogenicity it is evident from the data pre- 





Fie. 2. Leaf infection following leaf-whorl inoculation of Collier sorgo with Col- 
letotrichum from different sources. A and F, controls inoculated with sterile water; B 
and C, Sudan-grass isolates; D and E, Johnson-grass isolates; G, H, and J, sugar-cane 

] 


isolates; I, sorgo isolate. 
sented that there exist two and possibly three distinct groups of Colleto- 
trichum. Isolates from sugar cane form a group which is highly patho- 


genic to sugar cane and nonpathogenic or only slightly so to sorghum. — [so- 
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lates from sorghum, Sudan grass, Johnson grass, Erianthus sp., and broom- 
corn, although they have certain distribution differences within popula- 
tions, are essentially alike and comprise a second group which is highly 
pathogenic to sorghum and nonpathogenic or only rarely pathogenic to 
sugar cane. This conclusion is in keeping with the results reported by 
Edgerton (3) and Butler and Hafiz Khan (2). Abbott (1), on the other 
hand, reported successful inoculation of sugar cane with isolates from sev- 
eral grasses in Louisiana. Lohman and Stokes (4) reported infection of 
sorghum by sugar-cane isolates. In most of the work previously reported 
a relatively small number of isolates was studied in each ease. In the 
present study, the virulence of sugar-cane isolates was very low on sorghum 
and when judged by their ability to produce leaf spot (an expression of a 
higher degree of parasitism than stalk rot) it was doubtful that any of the 
sugar-cane isolates could be considered pathogenic to sorghum. In most 
eases a high percentage of the isolates from the other hosts (sorghum, Sudan 
YTass, Johnson erass, Erianthus, and broomecorn) were capable of produc- 
ing an aggressive leaf spot on sorghum, indicating a close similarity of 
these isolates to those from sorghum despite certain population differences. 
None of the isolates from other hosts produced the typical red rot that was 
produced by the majority of the sugar-cane isolates, although a few did 
cause an extensive red discoloration. 

Data on available isolates from the remaining grass species indicate the 
occurrence of a third group unique in nonpathogenicity to sorghum or 


sugar cane, 
SUMMARY 


Five hundred ninety-three isolates of Colletotrichum from 18 grass spe- 
cies, 963 of which represented isolates from sugar cane, sorghum, Johnson 
grass, Sudan grass, broomcorn, and ELrianthus were studied for pathoge- 
nicity towards sugar cane and sorghum. Pathogenicity was judged by 
ability of the isolates to produce red rot in cut stalks of sugar cane and 
sorghum and to produce leaf spot in sorghum following leaf-whorl inocula- 
tions. The two methods yielded comparable results. 

There were three distinct groups of isolates based on their pathogenicity 
to the two host plants. Cultures isolated from sugar cane comprised a 
group which was highly pathogenic to sugar cane and rarely pathogenic to 
sorghum, while those isolated from sorghum, Johnson grass, Sudan grass, 
Erianthus, and broomeorn comprised a group which was nonpathogenic on 
sugar cane but was for the most part highly parasitic on sorghum. 

A third group comprising a few isolates from each of 13 other grass 
species was pathogenic to neither sorghum nor sugar cane. 
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ETIOLOGY OF SOME SAP ROTS OF WESTERN RED CEDAR POLES 
CHESTER M. SOUTHAM AND JOHN EBRLICH!1 
(Accepted for publication November 21, 1949) 

INTRODUCTION 


A type of brown cubical sap rot of western red cedar (Thuja plicata D. 
Don), known locally in its early stages as ‘‘golden-glow’’ sap rot, is com- 
mercially important in the cedar pole industry of northern Idaho because 
it is a cause of rejection of harvested poles, and because its control necessi- 
tates expensive sanitary precautions. It was the purpose of this study to 
determine the etiology of this type of decay. 

‘‘he rot is first discernible on the surface of peeled poles as an area which 
is somewhat glossier and lighter in color than the surrounding normal sap- 
wood. The color change is superficial in the early stages. The rot is almost 
invariably found on the underside of yarded poles which are in contact with 
soil, and frequently is found under an adhering patch of mud. As decay 
progresses the affected wood becomes soft and loses its distinctive gloss. 
Eventually the decay progresses to a characteristic brown cubical rot. In 
its early stages, this sap rot is differentiated by pole inspectors from the 
more familiar typically brown cubical rots (frequently associated with 
fruiting bodies of Coniophora), and from ‘‘shell rot’’ which is characterized 
by a thin shell of apparently sound wood overlying brown cubical decay 
and often associated with fructifications of Lenzites trabea. 

‘*Golden-glow’’ sap rot has not been observed in the living tree. It is 
presumed that fungal invasion occurs when poles, harvested several months 
before the fall rains, are left in the woods until the following summer. 
Fungal invasion can apparently also occur in the storage vard if poles are 


not piled on treated skids out of contact with soil and vegetation. 


EXPERIMENTAL PROCEDURE 


Decayed sapwood and associated fungal fructifications were periodically 
collected for 3 years (1940-1942) from discarded portions of poles provided 
by the B. J. Carney & Company pole yard at Ahsahka, Idaho. These had 
been in contact with soil throughout the period of fall rains. Tissue was 
excised from the fructification and from the subjacent wood and planted 
on 2.5 per cent malt agar. Obvious mold contaminants were discarded. 


1 The authors wish to acknowledge their indebtedness to V. O. Sellers, Forester, B. J. 
Carney & Company, who has assisted in many phases of the study. They also wish to ac- 
knowledge the many services of Prof. A. W. Slipp which have made it possible to report 
these data long after the authors left the School of Forestry of the University of Idaho. 
This study is incomplete, but since circumstances have prevented further work on the 
problem by the present authors, it seems advisable to present such data as have been 
obtained. 

The present addresses of the authors are: C. M. S., Sloan-Kettering Institute for 
Cancer Research, 444 East 68th St., New York, N. Y.; J. E.. The Research Laboratories, 
Parke, Davis & Company, Detroit, Mich. 
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Other isolated fungi were maintained in the University of Idaho Forest 


athology CIFP) culture collection. Gross specimens, after culturing, 
ere filed in the UIFP Herbarium. 

Saprogenicity of each isolate was tested on fifteen matched cedar sap- 
ood blocks, five blocks being taken from each of three trees at a given trans- 
‘rse plane and at equidistant intervals on the perimeter. The moisture 
ent of these blocks was adjusted TO approximately 150 per cent of oven- 
ry (85° C.) weight. They were then sterilized in flowing steam for 30 min. 

The fungi were cultured in 8-0z., serew-cap, rectangular glass jars, 1.5 > 


9x4 in. The culture medium consisted of several thicknesses of paper 


oweling soaked in 2.5 per cent malt agar and cut to fit one side of the jar. 


When the mycelial mat covered the medium the 0.5 « 0.5 = 1.5-in. test blocks 


ere introduced, the large transverse surface being placed in contact with 


elium 
These preparations were kept for 6 months at room temperature (ea. 


257 4 and subject to intermittent diffuse light. The blocks were then 
moved, brushed lightly to remove superficial mycelium, dried to constant 
oht at 85° C., cooled in desiccators, and weighed to the nearest centi- 
ral Percentage of original weight lost during the incubation period was 
‘aleulated. Blocks were examined macroscopically for gross characteristics 


A set of fifteen control blocks was carried through the same procedures 


l 


ted Jars 


RESULTS AND DISCUSSION 


During the 3 vears of this investigation fructifications associated with 
ip rot of cedar poles were first observed in early October, shortly after 
start of the cool rainy season in northern Idaho. Fruiting continued 


ito December when prolonged periods of freezing temperatures and deep 


iow first occurred. The following 53 specimens were collected, identified 

hen possible,’ and preserved under the indicated UIFP Herbarium num- 

rs: Merulius pinastri (2316, 2317, 2717, 3728, 3722, 969; two specimens 

LOST) : Poria vaillanti 3120. 3718. 3719. 3707. 3726. 3715 . Coniophora 

rida 2304. 2308, 2307, 2305, 2310) : Coniophora olivacea (2312, 2311, 

1D Pasillus pannoide s (3730, 3708, 3720: 1 specimen lost) : Coniophora 

ma 9313. 2315) : Coniophora olivascens 2306, 2309) : Ptychogaster 

3701; also in culture only—see table 1); Cortierum albostra- 

( 2229) - Chaectomium funicolum culture only see table 1 : Pesta- 

/ species (cultures only—see table 1); Fusarium roseum (culture only 

see table 1); unidentified collections (3702, 3703, 3705, 3709, 3710, 3711, 
Sliz, gi to, o140. ellG, Sick, Sigs alee, 3420. ate ). 

Owing to the ubiquity of contaminating organisms and the thinness of 

fructifications, pure cultures were obtained from only a few of the speci- 

Tl uthors wish to express their gratitude to Ross W. Davidson, FE. F. Guba, H. 3S. 

s\ the late David H. Linder, the late L. O. Overholts, Walter H. Snell, and William 


S) f their assistance in identification of the specimens. 
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mens. ‘Table 1 lists the weight loss and change in appearance of test blocks 
caused by the fifteen isolates tested. 

Five species of Thelephoraceae were collected. Coniophora puteana 
(Schum. ex Fr.) Karst. = C. cerebella (Pers. ex Fr.) Schroet. was found 
twice in association with brown cubical sap rot of western red cedar poles. 
The fungus was isolated from one of these specimens and also from the de- 
cayed wood beneath a specimen of Merulius pinastri (Fr.) Burt. Both iso- 
lates caused advanced brown cubical rot in the test blocks. A stock culture 
of (. puteana (Madison 608) isolated from Abies balsamea has previously 
been found to cause brown cubical rot in western red cedar sapwood and 
leached heartwood test blocks (4). Coniophora arida (Fr.) Karst. was col- 


lected five times, associated either with ‘‘golden-glow’’ or with brown cubical 


TABLE 1.—Saprogenicity of the fungi isolated from western re d cedar 


Percentage 


cAicstnn of ealiunei UIFP weight loss Appearance of 
° culture blocks» 
Maximum Average 
Coniophora puteana % G47 64.2 19.2 Brown cubical rot 
Coniophora arida 949 57.5 7.3 Brown cubical rot 
Corticium 920) 9.1 3.7 Slight softening only 
albostramineum? 
Ptuchogaster rubescens 970 59.3 53.8 ‘*Golden-glow’’ brown 
( Polyporus guttulatus eubieal rot 
Poria vaillantii: 1035 16.1] 12.0 Soft, slight darkening 
Merulius pinastri? 952 8.8 a Slight softening only 
Six other cultures¢ 0-7.9 0-1.2 No change 


'Tdentity certain only when fruiting bodies formed in culture. Question mark fol 


lowing species name indicates that gross and microscopic appearance of culture are con 
sistent with designated species, but positive identification impossible. 


b Appearance of the block with greatest weight loss is described. 

¢ A second similar culture (C. p. 967; P. v. 1034; M. p. 950) eaused similar changes 
in the test blocks. 

'Poria rantha f. crassa 737, Chaeton m funicolum 969, Fusarium roseum 1037. 
Pestalotia hartigii 1039, and Pestalotia sp. 951 and 1036. 


rot; the one specimen successfully cultured caused a brown cubical rot in the 
test blocks. Coniophora olivacea (Fr.) Karst. and C. olivascens (Berk. and 


oe 


Curtis) Massee were found in association with ‘‘golden-glow’’ sap rot three 
and two times respectively; since cultures were not obtained from these 
specimens, their saprogenicity has not been proved. Corticium albostra- 
mineunm (Bres.) Wakef. was collected once in association with ‘‘ golden- 
elow’’ sap rot and produced a spotty brown cubical decay of test blocks. 
Ptychogaster rubescens Boud. was collected twice. An atypical speci- 
men (UIFP Herb. 3701) was found in association with ‘‘golden-glow’’ sap 
rot, but was not cultured. The other specimen was obtained in culture from 
wood showing advanced mixed white and brown rot and an associated fructi- 
fication of Coniophora. The Ptychogaster could not be found by inspection 
of this rot specimen. When planted on test blocks this culture caused an 


advanced degree of decay. When blocks were first removed from the ecul- 
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ture jars there was no marked color change or loss in volume, but they were 
very soft and the decay closely resembled ‘‘golden-glow’’ sap rot as seen in 
the field. Upon drying they shrank markedly, became medium brown, and 
cracked into a cubical pattern. These observations indicate that Ptycho- 
gaster rubescens is a cause of ‘‘golden-glow’’ sap rot. They also indicate 
that ‘*golden-glow’’ sap rot, as caused by this organism at least, is merely an 
early stage of a brown cubical rot. The fact, however, that the brown cubi- 
cal nature of the rot is hidden until there has been marked destruction of 
wood substance suggests that the various chemical constituents of cedar sap- 
wood may be removed by this fungus in different proportions or at different 
rates from those of fungi, such as Coniophora puteana, which cause more fa- 
miliar brown cubical rots. Turner (5) in a study of sap rot of cedar poles 
also isolated a fungus (UILFP culture 716) which has recently been identi- 
fied by Davidson (personal communication) as Ptychogaster rubescens. A 
photograph in Turner’s thesis shows a fungus grossly resembling Ptycho- 
gaster growing on and decaying a cedar test block. Unfortunately no fur- 
ther details and none of his wood specimens are now available.’ Davidson 
et al. (3) report that Polyporus guttulatus Peck is the perfect stage of 
Ptychogaster rubescens. No specimens of P. guttulatus were found during 
the present study, nor was it encountered by Buckland (2), but it has been 
collected on western red cedar in northern Idaho by J. R. Weir (No. 4733; 
UIFP Herb. 3520 

Two other species of the Polyporaceae were found. Poria vaillantii Fr. 
was collected six times on sapwood that was soft but unchanged in color. 
[Isolates obtained from two of the specimens produced typical fruiting bodies 
in culture. Both isolates caused a comparatively slight but consistent de- 
gree of decay in the test blocks, accompanied by very slight darkening of 
the blocks. The light color of the rot in its early stages makes it probable 
that this is one of the rots designated by pole inspectors by the term ‘* volden- 
glow.’’ It is not possible from these observations to state the definitive pat- 
tern of decay caused by this fungus. Merulius pinastri was collected seven 
times in association with brown sap rot. One culture obtained from these 
specimens had microscopi¢e and cultural characteristics consistent with those 
of Merulius pinastri, i.e., yellow branched septate hyphae with clamp connec- 
tions. Another culture, isolated from decayed sapwood subjacent to a 
specimen of Coniophora arida, was similar to this Merulius but completely 
different from the accepted culture of C. arida. Accordingly both of these 
vellow eultures have been tentatively regarded as isolates of Merulius 
pinastri. Both cultures caused slight softening of a few of the test blocks, 
but no color change. If these are true cultures of Merulius pinastri, the re- 
sults indicate that this fungus is probably a secondary invader. 

Parillus panuoides Fr., the only agaric found, was collected four times 
in association with brown sap rot. No culture was obtained. 


UIFP Herbarium number 877 is a collection of Turner’s material, but this collec- 


d not be located. 
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Of the Fungi Imperfecti, four identified isolates were tested in addition 
to Ptychogaster rubescens. All of these were obtained while attempting to 
culture the fructifications of various Basidiomycetes. They include three 
Pestalotiae, one of which has been identified as Pestalotia hartigii Tubeuf, 
and Fusarium roseum (Link) Snyder and Hansen. They were found to be 
nonsaprogenic on cedar sapwood blocks. 

One Ascomycete, Chaetomium funicolum Cooke, was isolated from the 
surface of a Basidiomycete. It caused no decay in the test blocks. 

Poria zantha (Fr.) Lind. forma crassa (Karst.) Baxter was not collected 
in this study. A stock culture isolated from a sporophore from Larix occi- 
dentalis was tested for saprogenicity because the species has been reported 
on northern white cedar (Thuja occidentalis) and on a charred log of west- 
ern red cedar (1). It was found to be nonsaprogenic on the sapwood test 
blocks, and in previous unpublished work was found to cause no significant 
weight loss in leached or unleached heartwood of western red cedar. 

Buckland’s study (2) of fungi attacking western red cedar trees includes 
some observations of fungal fructifications on sapwood and slash. Of the 
organisms found in the present study, he found only Coniophora puteana 
and some unidentified species of Merulius. Saprogenicity was not tested. 
Buckland rarely encountered thelephores. Sufficient explanation for these 
apparent discrepancies is found in the inconspicuousness of thelephores, 


and the dissimilarity of material studied. 
SUMMARY AND CONCLUSIONS 


Fungi associated with brown sap rots of peeled western red cedar poles 
were collected in northern Idaho. Specimens were identified when possible 
and preserved. Culture of all specimens was attempted and isolates were 
tested for ability to decay western red cedar sapwood. 

The term ‘‘golden-glow’’ sap rot is used locally to designate a brown 
cubical sap rot which in its early stages is characterized by superficial, 
glossy, light vellow decay in the sapwood of peeled western red cedar poles. 

Field observations and experimental data appear to justify the conelu- 
sions that Ptychogaster rubescens (Polyporus guttulatus) is a causative 
agent of that form of brown cubical sap rot which in its early stages is 
recognized as ** golden-glow’”’ sap rot, and that the rots caused by Coniophora 
puteana and Coniophora arida exhibit very early the more familiar brown 
cubical character. Coniophora olivacea and Coniophora olivascens were 
observed in association with ‘‘golden-glow’’ rot, and Paxillus panuoides 
with brown rot, but an etiologic relation was not proved. Poria vaillantii 
decays cedar sapwood slowly, causing only slight darkening in the early 
Stages of decay. The definitive rot picture caused by this fungus was not 
determined. Fungi isolated and found to be nonsaprogenic are recorded in 
table i. 
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UNRELATEDNESS OF POTATO VIRUS Y AND CUCUMBER 
MOSAIC VIRUS 


A. FRANK ROSS 
(Accepted for publication November 26, 1949 


Chester (5) reported that potato veinbanding virus, sometimes known as 
potato virus Y (armor upsilon H.), is serologically indistinguishable from 
eucumber mosaic virus (Marmor cucumeris H.). Consequently, for a time 
these two viruses were regarded as related strains. This postulated relation- 
ship was questioned by Dykstra (7), who found that tobacco plants infected 
with virus Y are as susceptible to cucumber mosaic virus as are healthy ones. 
Bawden and Sheffield (1) also questioned the relationship because of their 
failure to obtain positive precipitin tests with sap from plants infected with 
cucumber mosaic virus and Y-antiserum, and because of the fact that in 
tobacco the cucumber mosaic virus does not protect against infection with 
virus Y. 

These conflicting reports have caused confusion in virus nomenclature. 
In 1939 Holmes (8) gave virus Y varietal status (Marmor cucumeris, var. 
upsilon) but stated that the evidence for the postulated relationship was not 
conclusive. Later Holmes (9) recognized the virus as a distinet species 
(Marmor upsilon). 

The data indicating lack of relationship cannot be considered conclusive. 
Bawden and Sheffield did not run reciprocal precipitin tests. In the cross- 
protection tests of Dykstra and of Bawden and Sheffield, both viruses pro- 
duced only systemic symptoms. Negative results of tests in which the test 
and challenge viruses produce only systemic symptoms may be misleading 
(16). The cross-protection tests described in the present report were con- 
ducted under conditions less subject to question than those previously re- 
ported. Reciprocal tests were conducted and, in each case, the hosts and 
virus strain selected were such that the second-used or challenge virus pro- 
duced necrotic local lesions. The tests failed to demonstrate cross-protection 
between virus Y and cucumber mosaic¢ virus. 

VIRUS STOCKS 

Virus Y. The virus used was obtained originally from E. 8. Schultz. 
It was maintained by serial transfer in tobacco (Nicotiana tabacum L. var. 
Turkish) or V. glutinosa L. Identity and purity of the virus culture were 
checked from time to time by inoculations to various potato (Solanum 
tuberosum L.) varieties and seedlings, to Physalis foridana Rydb. (19) and 
to Gomphre na globosa L. The last-named species is immune from virus Y 
but susceptible to cucumber mosaic virus and a number of other possible 
contaminating viruses (22). 

Cucumber mosaic virus. Two strains were used, Price’s indicator strain 
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11) and a field strain closely resembling ordinary cucumber mosaic virus, 
The former was obtained from W. C. Price. Identity of the latter strain 
was proved by means ot cross-protection tests by the method deseribed by 
Price (12 Zinnia (Zinnia elegans Jacq. var. Golden Gem) plants infected 
with the field strain were refractive to infection by Price’s indicator strain, 

CROSS-PROTECTION TESTS 
Failure of Cucumber Mosaic Virus to Protect Against Infection 
by Virus Y 
Physalis floridana Rydb., previously reported as a local lesion host for 
virus Y (19), was used in the tests. Small plants, in the 4-to-6-leaf stage, 
were inoculated with the field strain of cucumber mosaic virus. Cross-pro- 


tection tests were conducted approximately 6 weeks later. At this time 





KF Leaves of Physalis floridana showing lesions produced by inoculation with 
¥ \t time of inoculation the leaf on the left was healthy, that on the right was 


leaves of infected plants were somewhat crinkled and distorted, showed a 
but distinct mosaic, and in general were considerably smaller and 
lighter in color than leaves of healthy plants. Leaves of infected plants and 
of healthy plants were dusted with carborundum and rubbed with a gauze 


pad saturated with diluted juice from plants of Nicotiana glutinosa 1. in- 


fected with virus Y. About 10 days later numerous lesions appeared on all 
leaves (Fig. 1 Since the leaves infected with cucumber mosaic virus were 
smaller and possessed more uneven surfaces than the controls, no attempt 


was made to make a quantitative evaluation of the results. In four tests no 
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consistent differences in susceptibility to virus Y of infected and healthy 
leaves were noted. Infection with cucumber mosaic did not prevent sys- 
temic spread of virus Y. Similar systemic symptoms developed in both 
types of plants. 

In some of the tests, parallel inoculations were made with the indicator 
strain of cucumber mosaic virus. When healthy plants were inoculated, 
irregular chlorotic lesions appeared within 4 to 6 days. These soon became 
necrotic. The necrosis spread rapidly, and within a few days caused the 
collapse of the leaf. The virus spread to other parts of the plant, causing 
severe necrosis and eventual death of the plant. When plants infected with 
the field strain of cueumber mosaie virus were inoculated with the indicator 
strain, no lesions or other change in symptoms were observed, showing that, 
under the conditions used, plants previously inoculated with a known strain 


of cucumber mosaic virus were solidly immune from the indicator strain. 


Failure of Virus Y to Protect Against Infection with 
Cucumber Mosaic Virus 

Nelection of proper conditions. Cross-protection tests involving cucum- 
ber mosaic virus usually are made on zinnia. Since this plant is immune 
from virus Y it was necessary to search for other hosts that consistently pro- 
duce local lesions with some strain of cucumber mosaic virus and are sus- 
ceptible to systemic infection by virus Y. Two observations indicated that 
Physalis floridana might be satisfactory under the proper conditions. First, 
as was previously reported (19), local lesions fail to develop at temperatures 
above 80° F. on plants of this host inoculated with virus Y. It subsequently 
was found that at such temperatures virus multiplication occurs and that 
the virus spreads throughout the plant without causing necrosis. The only 
visible symptom is a mild but distinct veinbanding in the noninoculated 
leaves. Second, it has been found that production of lesions on P. floridana 
by the indicator strain of cucumber mosaic virus occurs just as well at 80° F. 
as at lower temperatures. The only difference observed is that at 80° symp- 
toms appear about a day earlier. Consequently, it was decided that recip- 
rocal cross-protection tests could be carried out on P. floridana at 80° F. 

Cross-protection test at 80° F. Several young plants of Physalis flori- 
dana were inoculated with virus Y and others with the field strain of cucum- 
ber mosaic virus. These, together with noninoculated plants, were placed in 
a room in the greenhouse in which the temperature was never allowed to go 
lower than 80° F. Daytime temperatures sometimes exceeded this. Several 
weeks later the larger leaves of plants from each group were dusted with car- 
borundum and inoculated with the indicator strain of cucumber mosaic 
virus. In the case of the infected groups, leaves showing distinct symptoms 
were selected. The Y-infected leaves were as susceptible to infection with 
the indicator strain as were those of healthy plants, for lesions on the two 


groups were comparable with respect to number and appearance (Table 1 
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TABLE 1 Results of cross-protection tests in which Physalis floridana plants 


oN at Fk. were used as hosts and the indicator strain of cucumber mosaic virus 


Av. number of lesions per leaf with 


owe Systemic No. days various a “ challenge 
eS virus infected mnoculum 
Undiluted 1-10 1-50 
Y 25 104 19 4 
None 92 9 2 
CM 25 0 0 0 
y $6 4 
None 10 
CM« 46 0 
Y 55 5 
None 3 
CM 5D 0 
¥ 20 127 
None 100 
CM 20) 0 
Number of days between inoculation with the systemic virus and the challenge 


lant 


ts were kept at 80° F. or above during the entire period. 

( lenge inoculum was juice of Turkish tobacco plants infected with the indicator 
strain of cucumber mosaic virus. Water was used for dilution. Each number in these 
s is the average for 6 to 19 leaves. 

- 


Field strain of cucumber mosaic virus. 


and Fig. 2 In addition, the indicator strain spread to other parts of the 
plants in both groups and caused severe necrosis and eventual death of the 
plants. The plants infected with the field strain of cucumber mosaic virus 


were completely protected, for no lesions formed on the inoculated leaves of 





Leaves from plants of Physalis floridana grown at 80° F. and inoculated 

icator strain of cucumber mosaie¢ virus. At time of inoculation the leaf on 
the left had been invaded by virus Y, that in the center was healthy, and that on the 
right had been invaded by a field strain of Cucumber mosaie virus. 
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such plants nor was there evidence of systemic spread of the virus. Thus 
with conditions under which protection by one strain of cucumber mosaic 
virus against another was absolute, virus Y gave no protection against cu- 
cumber mosaic virus. That the leaves from the plants inoculated with virus 
Y were infected was ascertained by subinoculation to other P. floridana 
plants kept at a lower temperature. Leaves comparable to those used in the 
cross-protection tests were triturated ; the juice was diluted and used for the 
inoculations. In all cases the concentration of virus Y in such leaves was 
found to be high. For example, in the 25-day sample of table 1, a 1-50 
dilution of juice from infected leaves caused the formation of an average of 
267 lesions per leaf. 

Virus Y concentration at 80° F. The question arose whether or not high 
temperatures inhibit multiplication and spread of virus Y in Physalis flori- 
dana. If inhibition does occur, then leaves of inoculated plants might be 
incompletely infected, thus reducing the significance of the cross-protection 
tests. At 70° F. noninoculated leaves on inoculated plants of P. floridana be- 
come necrotic and absecise soon after systemic spread ef virus Y occurs. 
Leaves formed subsequent to infection become necrotic and abscise while 
small. Hence it is impossible to compare directly the virus content of sys- 
temically infected leaves at 80° F. with comparable ones at lower tempera- 
tures. Consequently, experiments were designed to determine the general 
effect of temperature on the rate of multiplication of virus Y. 

Right large plants of Physalis floridana were trimmed to 12 leaves. 
These leaves were inoculated with virus Y. Half of the plants, selected at 
random, were placed in the greenhouse room maintained at 80° F. and the 
other half placed in a room maintained at 70° F. In both rooms, the day- 
time temperature sometimes exceeded the designated temperatures. At in- 
tervals leaves were collected from each group. Care was taken that the 
leaves from the two groups were comparable with respect to age and size of 
leaves. The leaves were ground in a meat chopper and the juice extracted 
through cheesecloth. The Juice samples were diluted with 0.1 M eglvevlely- 
cine buffer (pH 7) and used for inoculation of other P. floridana plants 
previously dusted with carborundum. The gauze-pad inoculation technique 
was used. Each juice sample was used at two different dilutions. An inocu- 
lation scheme was used such that all possible solution pairs appeared an 
equal number of times on each plant and at each leaf position. Each solution 
appeared an equal number of times on the right and left side of the leaves. 
The average time between inoculation and rinse was the same for each solu- 
tion and the procedure was standardized and balanced with respect to fre- 
quency of the renewal of the inoculum on the inoculation pad. 

Lesion counts made 12 days later show that virus concentration increased 
much faster and reached a much higher level at 80° than at 70° F. (Table 
2). An 8-fold difference in favor of the higher temperature was noted prior 
to the 10th day when necrotic lesions appeared on the leaves at 70° F. Ap- 
proximately the same difference was noted on the 12th day when the lesions 








150 PHYTOPATHOLOGY Vou. 40 


¢ 


‘ARLI ‘ Relative concentration o virus Y in inoculated leaves of Physalis 


at two temperatures 


Number of lesions on 36 half-leaves of 
Daysafter P. floridana 
cle wrrees Pp : : > ; : b 
Juice Juice Juice Pote ney 
luted diluted diluted 
10 1073-5 10 


a 


70) 12 l 


— 


Qi) oo 15 
Q Q» y 1.0 
Ri) 977 6 7.8 
70 46 17 1.0 
s 108 120 86 
g ne t which source material was grown. The daytime tem- 


to the method of Priee and Spencer 1S except that the 
ggested by Sherwood (20) was used. 


in 


lesions had appeared on the leaves comprising this sample. 





Le ¢ f other samples were symptomless. 


vere beginning to coalesce and evidence of systemic spread was apparent at 
the lower temperature 
n the foregoing experiment it seemed possible that the appearance of 
‘rosis may have inhibited virus spread and multiplication. Consequently, 
similar experiments were conducted using plants in which systemic spread 
is not accompanied by necrosis. Young Turkish tobacco plants (Vicotiana 
tabacu L.. var. Turkish) and plants of V. glutinosa were inoculated with 


rus Y and some of each placed at the two temperatures. At intervals com- 


parable leaves were taken from each group and their virus contents com- 
ART} Re lat r be of lesions on Phiusal s floridana leaves noculated with 
tohacco and Nicotiana glutinosa leaves systemically infected with virus Y 
Davs after me Number of 
Temperature ita : iad 
: noculation a iets Dilution lesions on 36 
os In aeygrees . . > . 
f soures 2 5 of juice half-leaves of 
Fahrenheit : 4 
plants P. floridana» 
\ tabac } 70 1-100 $55 
lurkish Si) 1-100 $9] 
Do ] 70 1—150 18 
Q() 1—150 26 
12 70 1-150 137 
80) 1—150 15°" 
\ osa Q 70 1—100 2Q7T 
St) 1-100 $12" 
Night-time temperature at which soure plants were grown, Daytime temperature 
sometime s higher. 
EK | r of figures in this column represents 2 of 4 inocula used on 6 plants, each 
The symbo indicates that the counts differ significantly at odds greater 


t 


s greater than 99: 1. 
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pared as previously described. Single dilutions of each sample were used 
but since two other inocula were included in the test, the same inoculation 
scheme was used. In both hosts, the highest virus concentration was found 
in those plants at 80° F. (Table 3). It would appear that in general more 
virus is found in the juice of plants grown at 80° than in that of plants 
grown at 70° F. Consequently, there is no reason for postulating an adverse 
effect of high temperatures on the validity of cross-protection tests involving 
virus Y. 
DISCUSSION 

Strain relationships as determined by serological tests and by cross-pro- 
tection tests generally agree (2, 3, 4, 5, 6). There is reason to question 
the few apparent exceptions that have been noted. Chester’s (6) report of 
cross-serological reactions between the immunologically unrelated (14) to- 
bacco ringspot (Annulus tabaci H.) and tomato ringspot (Annulus zonatus 
H.) viruses could not be confirmed by Tall et al. (21). The complement-fixa- 
tion reaction used by Tall et al. generally is accepted as more sensitive and 
reliable than the precipitin reaction used by Chester. The viruses of south- 
ern celery mosaic, lily mosaic, and Doolittle’s cucumber mosaic are consid- 
ered by Price to be strains of cucumber mosaic virus on the basis of cross- 
protection tests (15, 15, 17), vet all three failed to react with sera of 
cucumber mosaic virus (6). However, since reciprocal precipitin tests were 
not performed, the significance of the serological results is uncertain. Mat- 
thews (10) obtained additional evidence of the good agreement between sero- 
logical and immunologieal tests. Among ten strains of potato virus X (An- 
nulus dubius U1.) that were serologically related but not serologically 
identical, a correlation was found between serological relationship and the 
degree of protection afforded in the plant. 

In view of the good agreement of these two types of tests in general it 
is important to determine whether or not the present case is an exception. 
Cross-protection tests in which infection by the challenge virus is indicated 
by formation of local lesions are among the most dependable criteria of the 
relationship of viruses (16). As no evidence of even partial protection in 
reciprocal tests of this type was obtained, the conclusion that virus Y and 
cucumber mosai¢ viruses are not immunologically related seems justified. 
This conclusion is in accord with that of others (1,7). On the other hand, 
a need for further work on the possible serological relationship of these 
two viruses seems indicated. Bawden and Sheffield (1) were unable to con- 
firm Chester’s report that cucumber mosaic virus reacts with Y-antisera (5). 
Chester also reported that virus Y produces local lesions on cowpea (Vigna 
sinensis (l.) Endl.) indistinguishable from those produced by cucumber 
mosaic virus, and cited this observation as additional evidence of the related- 
ness of the two viruses. The author (19) was unable to confirm this report 
and in a personal communication, W. C. Price (1946) admitted an inability 


to demonstrate lesion formation in this host by virus Y. 
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SUMMARY 

Reciproeal cross-protection tests showed that potato virus Y is not closely 
related to cucumber mosaic virus. Infection of plants of Physalis floridana 
by cucumber mosaic virus did not prevent lesion formation when such plants 
were inoculated with virus Y. At 80° F., plants of P. floridana infected 
with virus Y showed very mild symptoms. Lesion formation following 
inoculation of such plants with Price’s indicator strain of cucumber mosaie 
virus was comparable to that on plants that were healthy at the time of 
inoculation The concentration of virus Y in the juice of three different 
as found to be higher when plants were grown at 80° F. than 
when grown at 70° F 

DEPARTMENT OF PLANT PATHOLOGY 

(‘ORNELL UNIVERSITY 


ITHACA, NEw YORK 
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Weber (4) first reported thread blight* on tung and Mu trees, Aleurites 
fordii and A. montana, growing on the Agricultural Experiment Station 
grounds at Gainesville, Florida, in 1927. A rather severe outbreak occurred 
in the summer of 1940 in an isolated orchard near Varnado, Washington 
Parish, Louisiana. Four commercial tung orchards were known to be in- 
fected in 1941, four additional infected orchards were found in 1942, and 
three more were discovered in 1944. 

Wolf and Bach (5) adequately described the symptoms of thread blight 
on citrus trees. Their description applies to tung also 

On tung the prominent web on the lower leaf surface can be stripped off 
intact. Diseased leaves that are in contact may become matted together, be- 
ing bound by mycelia, and leaves detached from the petioles may remain 
suspended by brown rhizomorphs. The rhizomorphs can readily be traced 
from the sporophores backward along the petioles to the twigs and thence to 
the older wood. They course along the lower sides of twigs on the portions 
least exposed to direct rays of the sun. Attack on the fruit follows extension 
of mycelial strands along the fruit stems, and the fungus appears as a con- 
spicuous fibrillose, anastomosing meshwork over the surface of young fruit, 
beneath which the tissues appear scalded because of death and collapse of 
cells. In autumn, numerous chestnut-brown sclerotia are formed on twigs 


of the current year and on those of the previous season 


METHOD OF DISTRIBUTION 


Of the eleven areas of infection, six are adjacent to swamps. Large (1 
surveyed swamps near three of these orchards and found that thread blight 
occurred on several native plants including dogwood, wild crab apple, sweet 
gum, black gum, holly, blackberry, yaupon, and other shrubs. Undoubtedly 
the disease, known in the United States since 1901, has been established on 
these swamp plants for many years, and it has by some means spread from 
them to the tung orchards. 

The fungus overwinters as sclerotia, from which the mycelial threads 
push out rapidly in May toward the growing tip of the stem. By June 15, 
whitish powdery patches cover part of or the entire lower surface of many 

Assistant plant pathologist (resigned), pomologist, and scientific aid, respectively, 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Research Administration, U. S. Department of 
Agriculture. 

2 The causal fungus has been heretofore generally referred to as Corticium stevensii 


Burt. Rogers (Farlowia 1: 112. 1943) reduced this species to synonymy with Pellicu 
laria koleroga (ke. 
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new leaves. Basidia and basidiospores are present in these patches. Spores 
develop most readily after a rainy period of 3 to 5 days, and they germinate 
readily in artificial media. It would seem logical to expect that they would 
be carried by the wind to adjacent healthy trees, where they would germi- 
nate and develop mycelial threads. However, to date the only method of 
dissemination actually observed is by contact, which permits the mycelium 
to grow from diseased to healthy tissues. Diseased leaves may fall or be 
blown onto healthy leaves or twigs, which then become infected. In 1941, 
Hines* tied infected leaves and twigs to branches of a single tree in an or- 
chard free from thread blight. The disease gradually spread from the dis- 
eased twigs throughout the one tree, but by 1948 it had not spread to adja- 
cent trees 

Hines also placed branches infected with numerous sclerotia on the 
ground beneath healthy trees. No infection resulted. In a second experi- 
ment, also begun in 1941, branches infected with thread blight were pruned 
from trees in one orchard area and placed under healthy trees in another 
area. One block of trees was left unpruned as a control. The amount of 
thread blight on each diseased tree was recorded at the beginning of the 
experiment. After five vears the increase of thread blight in the control 
area was proportionately greater than the increase in the area with the 
prunings placed under the trees. Apparently the thread blight fungus did 
not spread from the infected limbs on the ground to the adjacent trees. 

[It is difficult to account for the present distribution of thread blight on 
the basis of dissemination only by contact with mycelium. Thus, in one in- 
stance a single infected branch was found in the center of a very large block 
of healthy trees. Possibly, pieces of mycelium may be carried to healthy 
trees on the feet of birds or small animals like squirrels. The most severe in- 
fections are confined to orchards in which trees are crowded, with consequent 
high humidity and poor air circulation. Under these conditions the trees 
remain wet for a considerable time after a rain, and interlacing of branches 


facilitates dissemination of mycelium from tree to tree by contact. 


EXTENT OF DAMAGE 


Loss of leaf area must reduce the food supply of the limb, eventually 
weaken it, and reduce its resistance to low temperatures. Diseased branches 
die throughout the tree, causing a condition sometimes called ‘‘staghead.”’ 
Carbohydrates for oil synthesis and filling of the fruit must also be redueed. 
However, even severely infected trees survive and continue to produce fruit. 

In one orchard in Pearl River County, Mississippi, known to have been 
infected since 1944, very little reduction in yield has occurred as yet. One 
very severely infected Florida orchard, in which the owners undertook con- 
trol measures but later allowed the disease to take its course, is now produe- 
at the rate of about 1-1, tons of fruit per acre per year, which is a good 


LNs 


Unpublished data from research file of the U. S. Tung Disease Investigations Lab- 
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yield although undoubtedly much lower than would be the case if the trees 
were free of disease. Although there is no immediate need of extensive con- 
trol measures, the extensive planting of tung orchards may tend to accele- 
rate spread of the disease and it has seemed wise to determine the most effi- 


cient and economical means of control. 


EXPERIMENTS ON THE CONTROL OF THREAD BLIGHT 


Large and Hines (2) found that pruning out infected branches in Sep- 
tember and October, 1940, reduced the disease in 1941 to about one-third its 
original severity. In several orchards, where a few isolated trees or branches 
have been infected, prompt removal and burning of diseased parts has pre- 
vented further spread of infection. Control by pruning alone, however, has 
proved impractical once the disease has gained a foothold. Clearing infected 
native plants from swamps near the orchard may be advisable in some in- 
stances. 

Apparently no attempt had been made before 1940 to control thread 
blight on tung by spraying. Weber (4) and Wolf and Bach (5) controlled 
the disease on other woody plants by spraying with 8-8—100' Bordeaux mix- 
ture. Tims and Mills (3) found that a single application of copper sulphate 
plus monocalcium arsenite during December or January effectively con- 
trolled thread blight on fig trees. Large and Hines (2) observed that sum- 
mer spray applications of 8-8—-100 Bordeaux mixture were more effective in 
controlling thread blight than applications of Elgetol (ethyl mercury oleate ) 
during dormancy. The greatest reduction of the disease resulted from a 
combination of early fall pruning and spraying the following May and June 
with 88-100 Bordeaux mixture. This completely eradicated the disease 
from 88 per cent of the trees so treated and greatly reduced the severity on 
the remainder. Control by spraying only was most effective when Bordeaux 
was applied in June. 

Accordingly an experiment designed to determine the best material and 
time of application for summer sprays was set up in 1942. Large and Hines 
(2) had reported that the three most effective dormant spray materials were 
1) a 6—-2-100 Bordeaux mixture, 2) a 6-6-100 Bordeaux mixture to which 
was added 1 gal. red engine oil to 100 gal. of mixture, and 3) ethyl mercury 
oleate, 1 gal. to 100 gal. water. These three materials were used in 1942, 
except that Volk summer oil was substituted for the red engine oil. In 1942 
each of the three materials was applied twice according to three different 
schedules, namely, 1) May and July, 2) May and June, and 3) June and 
July. Each treatment was applied to 24 trees, six in each of four different 
plots. 

When setting up the experiment in October 1941, the severity of infection 
of each tree was estimated on a scale ranging from 0, which indicates a 
healthy tree, to 10, which indicates a tree with all or nearly all its branches 
infected. A tree with a single leaf infected was rated 14 on the seale. The 


' Copper sulphate, 8 lb.; lime, 8 Ib.; water, 100 gal. 
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plots were arranged in blocks according to severity of the infection, and each 
treatment was applied to one plot in each block; thus all treatments were 
tested under similar conditions. Similar estimates were made in the fall of 
1942. The criterion of the effectiveness of control was a comparison of the 
ratings in 1941 and 1942. 

In 1942 a very rainy period during August favored the development of 
thread blight. Where no control measures were used the infection ratings 
increased over 500 per cent. Spray applications of ethyl mercury oleate 

1-100) in May and July proved to be only moderately effective, as the 
average disease rating increased to more than double that in October 1941, 
The sclerotia were dormant in May, each covered with a tough protective 
coat which the early application was presumably unable to penetrate. By 
the time the mycelium emerged from sclerotia in June, this spray material 
had washed off the trees. When applied at or soon after mycelium emer- 
gence, the ethyl mercury oleate was able to kill the fungus. This is evi- 
deneed by ratings for the May—June and June—July applications of ethyl 
mereury oleate, which gave considerably better results than the May—July 
schedule. 

Early applications of Bordeaux mixture were as effective in controlling 
the disease as the June and July applications. This can probably be at- 
tributed to the adhesive properties of Bordeaux mixture, the May applica- 
tion of which had not washed off at the time the mycelial threads emerged 
from the seclerotia. 

In 1943, 1944. 1945, and 1946 experiments were made to test the effective- 
ness of single spray applications made early (May), in midseason (June), 
or late (July), and to compare the effectiveness of 6-2-100 Bordeaux mix- 
ture, 6-6-100 Bordeaux mixture, 6—6—-100 Bordeaux mixture plus 1 gal. of 
Volk summer oil to 100 gal. of mixture, and 6—-6—-100 Bordeaux mixture plus 
1 lb. of zine sulphate per 100 gal. of mixture. Elgetol was not used because 
it had proved less effective in controlling thread blight than any of the 
Bordeaux mixtures used. 

In 1943 the plan of the experiment was identical to that of 1942. In 
1944 and 1945 two additional spray materials were tested : 6—6-100 Bordeaux 
mixture plus 1 Ib. of zine sulphate to 100 gal. of mixture, and 6—2—100 Bor- 
deaux mixture plus 1 |b. of zine sulphate per 100 gal. of mixture. In 1946 
the dates of application were the same but an additional spray material, 
6-2-100 Bordeaux mixture plus Volk summer oil, was added. Each season 
the trees were arranged in blocks according to the degree of initial infection ; 
in 1944, single-tree plots in eight replications were used instead of six-tree 
plots in four replications; in 1945 single-tree plots were replicated 16 times 
instead of eight, and in 1946 single-tree plots were replicated 13 times in- 
stead of 16 times. 

No statistically significant differences were observed between spray ma- 


terials or between dates of application, but again there were highly signifi- 
cant differences in the amount of thread blight infection between the sprayed 
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and unsprayed trees. The data obtained in 1946 are representative of each 
year’s results (Table 1). The average thread blight rating on the unsprayed 


TABLE 1.—Effect of spraying in 1946 on thread blight infection, as expressed by 
average disease ratingsa taken before spraying (October, 1945) and after spraying (Oc- 
tober, 1946) 











Disease rating in October, 1946 
Disease — —— 
rating,* After single sprays were 











Spray materials = ‘Lao applied = Average 
May 26 June 20 July 10 
Bordeaux 6—6—100 3.15 0.20 0.52 0.30 0.34 
Do + oil 3.15 0.33 0.52 0.58 0.47 
Do + zine sulphate 3.15 0.21 0.01 0.23 0.15 
Bordeaux 6—2—100 3.15 0.01 0.03 0.32 0.12 
Do + oil 3.15 0.36 0.04 0.23 0.21 
Do + zine sulphate 3.23 0.18 0.09 0.24 0.17 
(Average ) 3.16 0.22 0.20 0.32 
Control: not sprayed 3.15 3.31 3.10 3.14 


a Rated on scale from 0 (no infection) to 10 (all twigs infected). 
Least difference significant at 5 per cent level: 





Between single readings 0.48 
3etween average for each date 0.18 
Between average for each material 0.28 


check trees remained practically the same, whereas the decrease in ratings 
for the sprayed trees ranged from 2.57 to 3.14, a very significant difference. 


COMMERCIAL CONTROL OF THREAD BLIGHT BY SPRAYING AND PRUNING 


A solid block of 199 trees at Varnado, Louisiana, infected with thread 
blight, was sprayed June 10, 1943, with 6-6—100 Bordeaux mixture. During 
the middle of July all observable infected branches were pruned out. The 
trees were rated annually in October on a scale ranging from 0, which repre- 
sents no infection, to 10, which represents all twigs infected: in 1942 before 
spraying; and in 1943 to 1946, inclusive, after spraying. The spraying and 
pruning reduced the average rating of infection from 1.35 in 1942 to 0.18 
in 1943, but the thread blight on these treated trees gradually increased each 
year. The rating was 0.66 in 1944, 1.15 in 1945, and 1.47 in 1946, which was 
slightly more than the original infection. 

On August 16, 1941, Ralph T. Brown reported finding 12-13 per cent 
of thread-blight-infected trees in a large orchard near Lamont, Florida. 
In 1942, an experiment was set up in an area where the disease was preva- 
lent to test the value of once-a-year spraying with 6—2—100 Bordeaux mix- 
ture, which was applied in June of each year except 1945. One row of 96 
trees was sprayed and the adjacent row of 91 trees was left unsprayed as a 
control. Each tree was classified annually as infected or free from disease. 
By 1944 the disease had practically been eliminated from the sprayed row 
(Table 2) and the application for 1945 was omitted; but the trees quickly 
became reinfected, probably by contact with trees of the check row. 








£58 PHY TOPATHOLOGY Vou. 40 


CONCLUSION 


Thread blight of tung can be satisfactorily controlled by one summer 
application of Bordeaux mixture per year. The most advantageous date of 
application may vary with weather conditions, but good control is ordinarily 
effected from late May to early July. Mixtures ranging from 6—2-100 to 
6-6-100, with and without summer oil, are equally effective. 

Control by pruning is practicable only when the disease is discovered 
before it has gained any considerable foothold. Clearing infected native 


plants from areas adjacent to orchards may be advisable in some instances. 


SUMMARY 


Thread blight, caused by a fungus known as Corticium stevensii Burt. 
or as Pellicularia koleroga Cke., is known to have infected ten commercial 


+ 


ina orchards in the southern United States. 


TABLE 2 Control of thread blight at Lamont, Florida, 1942-1947, with an annual 
l ation of ¢ Bordea 
Percentage of trees infected Percentage of trees infected 
s+ Year 
Spraved Not sprayed Sprayed Not sprayed 
4 l 12 1945» D1 92 
O44 6 Ze 1946 18 98 
} 51 1947 } 99 
444 ] $i) 
PR no 
B Ss] g 
\ tion omitte: 1945. 
duction due to pruning out diseased branches. 


During the growing season the disease is easily recognized. Dead leaves 
hanging by threads of fungus are especially conspicuous in late summer and 
early fall 

The disease has been found on native plants in swamps, including dog- 
wood, wild crab apple, sweet gum, black gum, holly, blackberry, yaupon, 
and a number of shrubs, from which it has probably been carried to the 
orchards. Clearing these species from areas adjacent to the orchard may 
be advisable in some instances. 

The fungus forms basidiospores which germinate readily in artificial 


nedia, but to date the only method of dissemination actually observed is by 


> it 
CoO?! 


act and growth of the mycelium from diseased to healthy tissues. 


Most of the severe infections occur in crowded orchards where high 


humidity and poor air circulation cause the trees to remain wet for long 
periods after rain, and interlacing of branches favors spread of the my- 
eeliu from tree to tree 

Control by pruning is feasible if the disease is limited to a few branches 
or trees, but is impracticable otherwise. 


‘ontrolling the disease in severely infected tung orchards, adjacent to 
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swamps containing diseased native plants, will require at least one spray 
per season, of 6-6-100 or 6—2-100 Bordeaux mixture, applied between late 


May and early July. Pruning out remaining points of infection 30 days 


after spraying may be advisable where the infection is severe. 
U. S. Fretp LABORATORY FOR TUNG INVESTIGATIONS 
BoGALUSA, LOUISIANA 
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SOIL TREATMENTS WITH PARATHION FOR THE CONTROL OF 
ROOT-KNOT NEMATODE AND GOLDEN NEMATODE 


A. W. DIMOCK AND BERT LEAR 
(Accepted for publication December 1, 1949) 


Ellis and Clayton’ recently reported the ineffectiveness in field tests of 
parathion and several other insecticides as soil treatments for the control 
of root-knot nematode. Inasmuch as repeated greenhouse tests by the 
authors have consistently shown a remarkably high degree of control with 


parathion soil treatments, the results are presented here. 


ROOT-KNOT NEMATODE 


Test 1. A quantity of sandy-loam soil infested with root-knot nema- 
tode (Heterodera marioni) was thoroughly mixed and placed in_ 1-gal. 
glazed crocks (63 in. diameter, 7 in. deep). The soil was treated by mixing 
the desired amounts of chemical in the crocks of soil. Four replications 
each of the treatments listed in table 1 were included. No surface seal 


rABI Effect of so treatments on incidence of roct-knot on cucumbers; test 1 


Active 


, 3 Me: ber of galls 
nameiions Mean number of galls 


Dosage 


— per crock per crock per plant 
Gm, Vgqm, 

Cher 0 0) 65 
Parathion 1.0 150 0 
De 2 0 300 Q)b 
D 3.0 150 Qb 

Ct} O5 
, 0.25 25 

Hf 0.50 
) 0.P5 5 


cent wettable powder ( Thiophos 30422 
Injury to plants, but gall counts possible. 
Severe injury, in some cases no emergence. No gall counts possible. 


1 Benzene hexachloride, 39 per cent gamma. 


as utilized. Three weeks elapsed between the time of treatment and the 
sowing of cucumber seeds in the crocks of soil. Six weeks after sowing, 
the plants were carefully removed, the roots washed free of soil, and 
the number of galls present on the roots counted. Counts were made by 
floating the washed roots in about 1 in. of water in the bottom of a moist 
chamber placed on a black background. A summary of the data is pre- 
sented in table 1. 

At the smallest dosage of parathion used, 1 gm. per gallon crock (approx- 
imately 400 lb. of 15 per cent wettable powder or 60 Ib. of active ingredient 
, D. E., and C. N. Clayton. Soil treatments with new insecticides ineffective 

of root-knot. U.S. Dept. Agr., Pl. Dis. Rptr. 32: 476-477. 1948. 
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per acre), there was complete eradication of the nematodes present in the 
soil. Chlordane and benzene hexachloride at dosages which permitted plants 
to grow after 3 weeks were not nematocidal. 

Test 2. Seven-inch clay pots, each containing approximately 2800 gm. 
of moist infested soil, were employed. Dosage rates were 500 mg., 375 mg., 
250 mg., and 125 mg. of active ingredient per pot, three replicates being 
employed for each treatment. The insecticide (15 per cent wettable Thio- 
phos 3422) was suspended in about } pint of water and sprinkled over the 
soil for the three pots of each series. This was then very thoroughly mixed 
and placed in the pots. Five 2-weeks-old Rutgers tomato seedlings were 
planted in each pot 2 weeks after treatment. 

A striking contrast between the checks and all the treated series was 
evident after 3 weeks, several of the checks having succumbed and the re- 
mainder having made almost no growth. With the exception of two of the 
60 plants in the treated plots, all were showing high vigor and excellent 
erowth. The plants were photographed (Fig. 1) and the roots examined 


} 


i 





Fic. 1. Effect on growth due to root-knot nematode control by soil treatment with 
parathion. Left: best of three untreated check pots; right: soil treated with 125 mg. of 
active parathion per pot. All 12 treated pots were almost identical in appearance. 
after 4 weeks. The roots of all the check plants showed heavy galling of 
the tap and short laterals, whereas none of the treated plants had any galls 
on the tap or on laterals near the tap (Fig. 2). Only a very few small 
galls were present on laterals some distance from the tap, there being no ob- 
servable difference between the dosage rates employed. 

Test 3. In this test 1-gal. glazed crocks of infested soil were employed 
and the dosage rates were 125 mg., 100 mg., 75 mg., 50 mg., and 25 mg. of 
active parathion per crock. Five 2-weeks-old tomato seedlings were set in 
each crock immediately after treatment. Three replicates of each treat- 
ment were employed. Data were taken after 8 weeks. 

There was no evident difference in top growth in this test, because of 
the lower disease potential. This was probably a consequence of the fact 
that Test 3 ran from Dec. 20 to Feb. 12, when greenhouse temperatures 
were much lower than from Oct. 28 to Nov. 30, when Test 2 was in progress. 
Root examination, however, revealed again a consistently high degree of 
control with treatments of 50 mg. or more per crock (Table 2). 
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It is significant that all check plants showed numerous galls, whereas, 


of the 57 plants in the 50 mg. or higher treatments, 35 had no galls and 11 





Fic. 2. Effect of parathion soil treatment on development of root-knot on tomato 
roots Left: worst of the plants in treated soil; right: one of the two best plants in 


intreated soil. 
had only one gall. It is recognized that a few galls on finer rootlets may 


have been missed due to the impossibility of removing entire root systems. 


GOLDEN NEMATODE 


The nematocidal efficacies of these insecticides were also tested against 
the golden nematode (Heterodera rostochiensis). Glazed 1-gal. crocks of 
infested soil were again utilized. There were approximately 5000 cysts of 
20 per cent viability (1000 viable cysts) in each crock of soil. The chem- 


icals were mixed thoroughly with the soil and left for 1 week. The eysts 


ABLI ) Root-knot rating of tomatoes in soil treated with parathion » test 3 
Say rate, N nber of* Average rating? Ran r¢ 

9 er croc} plants per plant 
Chee} 14 24 10—40 
12 10 0—30 
15 5 0-10 
75 14 + 0-10 
100 14 4 0-10 
] 14 3 0-10 

M 


-~ ¢ 
Z 


ng plants damped off. 


no lls; 10=0-10 galls; 20=10-20 galls; 30=20-30 galls; 40 =over 
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were then washed from the soil by means of decantation and sieving and 
placed in 25 ml. of seepings obtained from potted potato plants. After 1 
week in seepings the number of larvae hatching from the cysts was deter- 
mined. Summaries of data obtained are presented in table 3. 


TABLE 3.—Effect of soil treatments on viability of golden nematode cysts 


Dosage Active Mean number of larvae 
Treatment er em ingredient emerging from cysts 
! per crock in 1 crock of soil 
Check 0 22.600 
Parathion* 3 gm. 450 mg. 240 
5 gm. 750 mg. 20 
10 gm. 1.5 gm. 0 
Ethylene dibromide 0.25 ml. 60 
0.50 ml. 0 
Check 0 50,600 
Parathion* 2 gm. 300 mg. 680 
1 gm. 150 mg. 180 
0.5 gm. 75 mg. 2,940 
B.H.C. 2 gm. 53,240 


*15 per cent wettable powder. 


Again the nematocidal efficacy of parathion was demonstrated. Ethy- 
lene dibromide, used as a standard treatment for comparison, was also effec- 
tive, whereas benzene hexachloride was again found to be ineffective. 


CONCLUSION 


These experiments demonstrated that parathion, when thoroughly 
mixed with the soil prior to planting, is effective in preventing root-knot 
nematode infection, even at rather low dosage rates. Whether the effect 
is exercised by immunization of the host or by killing the nematodes in the 
soil was not determined. The tests with golden nematode suggest the latter 
possibility but do not preclude the former or a combination effect. Field 
tests have not been completed. 

This is not the first instance where solid materials have looked promis- 
ing on the basis of small pot experiments where thorough mixing of the 
chemical with the soil is possible. However, when larger areas have been 
treated utilizing the larger machinery necessary for application to the soil, 
almost all such treatments have failed. This can undoubtedly be attributed 
to lack of the thorough mixing necessary for effectiveness of such a chem- 
ical. Ellis and Clayton’s failure to obtain control in field tests with para- 
thion may possibly be explained in this manner. In our experience, only 
those chemicals volatile enough to diffuse through the soil mass for a consid- 
erable distance in sufficient amounts to be toxic to nematodes have been suc- 
cessful in field practice. 

CORNELL UNIVERSITY 

IrHACA, New YORK 








STEM NECROSIS OF POTATOES CAUSED BY 
STREPTOMYCES SCABIES' 
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The potato-scab organism, Streptomyces scabies (Thaxt.) Waksman and 
Henrici, has been observed attacking potato stems in the gvreenhouse (1 2 


> “9, 


6, 7,9, 10). Goss (1) has suggested that stem lesions might develop under 
field conditions, but Lutman (8) was apparently the first to observe the 
condition in the field. Most investigators have paid insufficient attention 
to this aspect of the scab disease. 

[f resistance of potato tubers to Streptomyces scabies is correlated with 
stem resistance, the latter might be used as a means of identifying resistant 
progenies without the delay of waiting for tuber formation. Such a tech- 
nique should be of considerable value to the plant pathologist and breeder 
in developing resistant varieties. The possibility exists that lesions of S. 
scabies on potato stems could be used as a rapid means of identifying viru- 
lent S. scabies isolates. This paper, of which preliminary abstracts have 
been published (4, 5), reports the use of stem lesions as a means of identify- 
ing resistant progenies of potatoes in the greenhouse and field and in iden- 


tify ine virulent isolates of WN. scabies. 


\MIATERIALS AND METHODS 


[Inoculation tests were made in the greenhouse on plants grown in 
steamed peat soil which had been autoclaved in 6-in. pots for 3 hr. or more. 
The soil was infested with Streptomyces scabies by thoroughly mixing into 
it a suspension of spores and aerial mycelium obtained from pure Petri-dish 
cultures grown on potato-dextrose agar. Pots were placed on inverted clay 
saucers on a clean greenhouse bench to avoid contamination. 

Seed pieces were obtained from tubers disinfected by the hot formalde- 
hyde method. The several pieces from each tuber were randomized through- 
out the series of pot eultures. 

In some tests, seed pieces were sprouted in steamed sand and removed 
when sprouts were approximately 1} in. long. The sprouted seed piece was 
rinsed under running water and dipped in a spore suspension before re- 
planting in sand. For routine tests on large numbers of seed stocks, un- 
treated seed pieces planted in clean sand were found satisfactory for meas- 
uring resistance to pure cultures of Streptomyces scabies. Cultures were 
the same as those described elsewhere (3 


The different potato varieties and progenies were obtained through the 


Journ Paper Number J1685 of the Iowa Agricultural Experiment Station, Ames, 
[ow Project 816. Supported in part by Bankhead-Jones funds. 

Research Assistant Professor, Research Professor, and formerly Research Professor 
of the Bota and Plant Pathology Section. 
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courtesy of A. T. Erwin, E. 8. Haber, and C. E. Peterson of the Hortieul- 
ture Section, lowa Agricultural Experiment Station. 

Isolations were successfully made from small stem lesions on which the 
epidermis was relatively intact. Infected stems were thoroughly washed 
with soap and running, deep-well tap water, disinfected in 20 per cent 
Clorox (5.25 per cent sodium hypochlorite), and rinsed under running tap 
water. Dilution plates were prepared, using pectin agar (8). After 
lesions had become relatively large, with diameters of 5 mm. or more, sec- 
ondary organisms were generally abundant and streptomycetes were ob- 
tained in only one-third of the isolations attempted. Lutman (8) has al- 
ready pointed out the limitations of isolating from advanced stem lesions. 
Because isolations from old lesions were not satisfactory, the presence of 
filaments of Streptomyces sp. was determined by histological study. This 
method of identifying the causal organism is open to criticism because the 
filaments observed may have been those of a saprophytic streptomycete. 
However, the method seemed to be the most satisfactory one available, and 


was used as a means of diagnosis. 


EXPERIMENTAL RESULTS 


The severity of Streptomyces scabies infection on potato stems was first 
observed in routine tests for virulence of various cultures of Streptomyces 
sp. Stems of Cobbler plants grown in sterilized, noninfested peat soil 
were healthy, with no visible necrotic spots (Fig. 1, a), whereas stems of 
plants grown in soil artificially infested with S. scabies were generally very 
necrotic. In extreme cases, cortical necrosis was so severe that the stem 
was girdled as shown in figure 1, b and ¢. As severely affected plants ap- 
proached maturity, aerial tubers often appeared above the infected areas 
(Fig. 1,b; Table 1). In all these trials, stem necrosis was consistently ob- 
tained with virulent cultures of S. scabies, whereas stems of the nonin- 
fested controls were generally clean. In a few instances, there was slight 
discoloration of doubtful origin. Since tubers in two of these tests also 
showed slight scab infection, the controls probably had become contami- 
nated. In no instance did the severity of stem and tuber infection in the 
control approach that of plants in soil infested with S. scabies. In general, 
the stem reaction was more reliable than the tuber reaction, possibly be- 
cause stems developed and were infected while the soil was relatively free 
of contamination, whereas tubers were formed 30 to 40 days after planting. 

Anthocyanin development in the younger tip leaves of greenhouse-grown 
Cobbler plants was often associated with stem girdling. Pigment was first 
present along the basal margins of the terminal leaflets, and the laminae of 
such leaflets were generally chlorotic and small. 

Vascular discoloration was observed in a number of severely affected 
plants, often extending through three or four internodes, and in exceptional 
cases through ten internodes of the stem. Although large numbers of stems 
were sectioned, streptomycetous filaments were not demonstrated in the 
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Fig. ] Necrosis of subterranean stems of Cobbler potatoes eaused by Stre ptomyces 
greenhouse culture: (a) control grown in steam-sterilized, uninfested soil; 
] 
I 


e plants grown in steamed peat infested with S. scabies. 
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vascular system by histological methods, nor were streptomycetes isolated 
from discolored vascular tissue. Since there was no evidence that Strepto- 
myces scabies had become a vascular parasite, it is suspected that this vas- 
cular discoloration resulted from the invasion through the wound in the 
lower stem by secondary organisms or from toxie products of their 
metabolism. 

TABLE 1.—Abuity of several cultures of Streptomyces scabies to cause stem 


necrosis and induce aerial tubers on Cobbler potatoes in steamed, infested peat soil 


Number of plants with Number of plants with 
Test Culture stem necrosis aerial tubers 
number useda 
Severe Moderate Slight None Well developed Small 
] None 0 0 0 5 0 0 
4 0) 0 2 ] 0 0 
5 2 ] 0 0 2 0 
7 ] = 0 0 0 l 
y o 0 0 0 0 2 
2 None 0 0 2 4 0 0 
5 2 2 ] 0 0 1 
7 ] ] 4 0 0 0 
9 } 0 0 0 ] 0 
3 None 0 0 2 4 0 0 
9 8 ] 0 0 § yA 
} None 0 0 0 8 ia S 
5+9 7 l ] 0 i 
5 None 0 0 ] 1] — ~ 
4 4 4 0 0 — = 
5 s 0 0 0 “* 
gy } 4 0 0 = 
6 None 0 0 0 4 0 0 
4 2 ] 0 0 0 0 
5 3 0 0 1 0 0 
7 2 0 0 0 1 0 
7 None 0 0 0 3 es - 
g } 0 0 0 - 
SP-9B 2 0 0 2 i 


* All cultures caused severe scab on Cobbler tubers. Culture numbers correspond to 
those previously reported (3). Cultures 4 and 9 were isolated from potato; 5 and 7 
were isolated from red beet, and SP-9B from a soil pox lesion on sweet potato. SP-9B 
did not cause soil pox of sweet potato following inoculation, but caused severe tuber scab 
on Cobbler. 

Lesions generally developed as punctate necrotic spots on the stem sur- 
face or at the natural openings in the stems caused by emergence of sec- 
ondary roots. The large circular lesions (Fig. 1, d) are the result of in- 
fection near the secondary roots. In Cobbler, the largest number of sepa- 
rate infection points was on the stem surface, possibly associated with the 
lenticels, although evidence is incomplete on the avenue of infection. Fig- 
ure 1, e is a rather unusual example in which the infection loci are suf- 
ficiently separated so that there was little coalescing even after lesions had 
become relatively large. In the majority of Cobbler stems examined, sepa- 


rate infection loci were so numerous that after enlargement and coalescence, 
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Fig. 2. (a) Infection of Cobbler stems resulting from dipping a seed piece pre- 
viously sprouted in sand, into a spore suspension of Streptomyces scabies and replanting. 
(b) Cayuga stem grown in peat soil in northern Iowa naturally infected with S. scabies. 
The small white dots along the margin of the lesion are tufts of aerial mycelium. (¢ 
and d) Trans-sections of the stem, b, showing filaments in the epidermal and cortical 
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extensive, irregular necrotic lesions were formed. This condition is shown 
in the discolored areas at the bases of the stems in figure 2, a, and was prob- 
ably the type of infection giving rise to the lesions in figure 1, b and e. 
Infected areas were at first tan to light chocolate brown, with the mar- 
gin shading gradually into the healthy tissue, whereas lesions caused by 


TABLE 2.—Virulence of 31 cultures of Streptomyces sp. on potato tubers and stems 











a Stem necrosis 
Culture number and souree : 5 . — , ala 

to Cobbler \ 
Stems 


of isolate ‘ Lesions 
tubers eb? Lesions» 
examined per stem 
Number Number Av. No. 
Test 1' 
Streptomyces scabies 
4—potato tuber Moderate 12 28 2.3 
5—red beet root Severe 10 41 4.1 
i— do Severe 9 13 1.4 
9—potato tuber Severe 14 4] 2.9 
Streptomyces sp. 
1I—S. lavendulae None 1] 1 0.1 
°29—Meredith No. 216 None 5 1 0.2 
3—potato tuber None 3 0 0.0 
6— do None 9 1 0.1 
Ss do None i) 0 0.0 
10 do None 7 0 0.0 
Noninfested control 22 1 0.1 
Test 2 
Streptomyces scabies 
5 —red beet root Severe 19 96 5.0 
§5-10— do Moderate 10 43 4.3 
S3—14—-wheat root Severe 9 21 3.3 
$3-15— do Severe 7 3 4.4 
Cornell 407—potato tuber Severe 10 44 4.4 
Colorado 400 do Moderate 11 60 5.4 
Colorado 404— do Severe 10 43 4.3 
Colorado 408— do Severe 10 48 4.8 
Colorado 417— do Severe 10 20 2.0 
Streptomyces ipomoea 
SP-5A sweet potato None 8 0 0.0 
SP-19 - do None 8 0 0.0 
SP-22B do None 9 0 0.0 
Stre ptomyce 8 sp. 
S3-11—wheat root None 12 1 0.1 
$3-12— do None 8 0 0.0 
$3-13— do None 13 0 0.0 
S$3-16— do None 12 ] 0.1 
$3-17— do None 10 0 0.0 
S$3-18— do None 7 0 0.0 
Colorado 403—potato tuber None 6 0 0.0 
Colorado 414— do None 10 0 0.0 
Colorado 415— do None 7 U 0.0 
Colorado 416— do None 5 0 0.0 
Noninfested control 18 0 0.0 


a The authors are indebted to Drs. C. F. Taylor and Phares Decker for culture Cornell 
407, Dr. L. H. Person for culture SP-19, C. H. Meredith for culture 216, and to Merle 
E. Michaelson for the Colorado cultures. 

b The total number of lesions per stem was considerably underestimated since only 
lesions which were larger than 2 mm. in diameter were counted. 

¢ Evaluation of results in test 1 was made difficult by Rhizoctonia solani infection. 
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Rhizoctonia solani Kiihn were generally darker with margins more clearly 
defined and with the diseased area more sunken. 

Severe sprout infection was also obtained by dipping sprouted Cobbler 
seed pieces into an inoculum suspension and replanting in sand. Of the 
80 sprouts exposed to inoculum, 98 per cent were infected and 63 per cent 
were girdled. The discolored area at the base of the sprouts (Fie. 2. a) is 
the result of multiple infection points coalescing to form an irregular 
neerotic area girdling the stem. Aerial hyphae and spores are evident in 
the large circular lesion near the tip of the sprout at the left. These results 
were confirmed in at least four other trials. 

The stem reaction also proved to be a reliable means of identifying viru- 
lent isolates of Streptomyces scabies (Table 2). Cobbler plants were grown 
in sterilized artificially infested peat soil in the greenhouse and records were 
made of both tuber scab and stem necrosis. <A total of 12 isolates of S. 
scabies were compared to 19 nonpathogenic isolates of Streptomyces. Cul- 
tures of S. scabies caused necrosis of both stems and tubers, whereas all of 
the cultures nonpathogenic to Cobbler tubers were likewise nonpathogenic 
to stems. <A few of the stems of plants in test 1 grown in the noninfested 
control, or with cultures nonparasitic to potato, had necrotic spots, the ori- 
vin of which could not be determined. It is probable that these necrotic 
lesions were caused by Rhizoctonia solani, since certain stems showed lesions 


‘al of that organism. 


tvpl 

In sectioned stems, whether from field or greenhouse, typical lesions con- 
tained abundant filaments that in diameter and staining quality were very 
similar to the filaments of pathogenic Streptomyces in pure culture. Such 
lesions were free of large bacterial masses and showed few filaments of other 
types of fungi. These filaments were usually present in the cortex, being 
rarely observed as deep as the pericycle and never in the xvlem. They were 
vegetative in all but one case; spores being observed once in the tissues of a 
Cobbler stem. Hyphae of other types of fungi were not found in any of 
the 64 lesions cut from greenhouse-grown material and in only three of the 
50 lesions from the field. 

[In 1945, 1946, and 1947, relatively large numbers of stems were examined 
for field infection. Affected tissue was generally light tan with an indis- 
tinet margin shading rather gradually into the healthy area. Typical 
lesions, somewhat circular in shape, were commonly found at the bases of 
stolons and secondary roots. Large elliptical lesions were often associated 
with longitudinal growth cracks as in figure 2, b. On this particular stem 
the aerial mycelium of a streptomycete is clearly evident fruiting on the 
surface of the iesion along its edge. In this respect the stem is somewhat 
unusual, since on the surface of most lesions there was no evidence of an 
aerial mycelium, 

Early in August, naturally infected Sebago stems with varying degrees 


of infection were collected at least 4 weeks before maturity. A portion of 


ach lesion (Fig. 3) was sectioned. Those marked in figure 3 contained 











. 
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streptomycetous filaments in sufficient numbers to suggest strongly scab in- 
fection. ‘Two additional lesions were sectioned; in one, no fungus filaments 
were present and Streptomyces filaments were sparse ; the second lesion con- 
tained filaments of a fungus. These stems represented the healthier ones in 
the field, since more than 90 per cent of the stems were much more severely 
diseased than those photographed. As the lesions advanced in age it 
became increasingly difficult to distinguish between lesions initiated by 
S. scabies and those initiated by Rhizoctonia solani. 

In 1946 and 1947 attempts were made to determine the amount of in- 
fection taking place in the field. An accurate estimate was impossible, but 
it seemed probable that in the highly calcareous peat soils of northern Iowa 
approximately 20 per cent of the lesions on subterranean stems in August 
were the result of infection by the scab organism. 


‘ 





Fic. 3. Naturally infected Sebago stems. Lesions were sectioned and those marked 
contained abundant Streptomyces sp. filaments. Fungus filaments were present in one 
lesion; in a second lesion, fungus filaments were absent and streptomycetous filaments 
were sparse. Photograph by John Staby. 


Since a tuber is morphologically a modified stem, it seemed probable that 
stems of a given variety might have a resistance similar to that of the tubers. 
Wingerberg (9) showed that the stems of two scab-resistant varieties were 
somewhat more resistant to stem necrosis than were the stems of more sus- 
ceptible varieties. He used artificially infested, unsteamed garden soil and 
reported relatively little stem infection. 

In order to expand Wingerberg’s observations, 13 varieties represent- 
ing a range from highly susceptible to highly resistant types were tested 
in the field for tuber resistance and also tested in the greenhouse for both 
tuber and stem resistance (Table 3 
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The method used in one experiment (Table 3) was to plant tubers pre- 
viously treated with hot formaldehyde in sterilized, heavily infested peat 
soil. Plants were grown until tubers had developed and were harvested 
before vine maturity. Photographs of representative stems and tubers 
are shown in figures 4 and 5. In two additional tests, sprouted seed pieces 
were dipped in a spore suspension and planted in sand. Since results of 
all three inoculation tests were similar, the combined data are presented. 
Although the area of scabbed tuber surface was much greater on all varieties 
in the greenhouse test than in the field, the scab type was consistent under 
both conditions for a given variety. Susceptible varieties had a deep pitted 
type of tuber scab, whereas varieties resistant to these isolates of Strepto- 
myces scabies had shallow superficial lesions. Stems of susceptible varieties 
were generally necrotic, with deep, well established cortical lesions, whereas 
in resistant varieties a superficial russeting was often the only indication of 
disease. The average number of lesions per stem (Table 3) is based on the 
number of separate lesions at least 3 mm. across. Since smaller lesions 
were not counted, the number of separate infection loci was considerably 
greater than that indicated. There was some evidence that lesions on 
Katahdin and Chippewa stems tended to be circular with relatively little 
punctate necrosis, whereas on the other susceptible varieties, lesions were 
irregularly shaped and probably resulted from the coalescence of smaller 
necrotic areas. Resistant varieties had superficial lesions with practically 
no lenticel discoloration, and the average number of lesions per stem was 
considerably below that of susceptible varieties. 

The inherent resistance in stems was used in 1946 and 1947 with rather 
satisfactory results as a means of identifying scab resistant progenies in 
eonjunction with the potato breeding program at this institution. A high 
degree of correlation was found between the resistance observed in stems 
in the greenhouse and in tubers in the field. Although the inoculation of 
stems is relatively quicker and less laborious than growing plants to matur- 
ity in the greenhouse, the amount of work involved is considerable and 
limits the value of this method in large-scale breeding programs. 

Stems of resistant and susceptible varieties grown in the field at Crystal 
Lake, Iowa, were examined for incidence of scab in 1945 and 1946. Ob- 
servations were made in the field and confirmed by sectioning representative 
material. 

In 1946, replicated field plots were planted on April 26 and June 25. 
Susceptible varieties, LaSalle, Sequoia, Red Warba, Chippewa, Pawnee, 
Cobbler, Katahdin, and Teton, were compared to the resistant varieties and 
progenies, Sebago, Ontario, Cayuga, Seneca, Menominee, 116-2, 116-13, and 
116-16. In the early planting, on July 3, there was some indication that 
lesions on Chippewa, Pawnee, Katahdin, and Teton tended to be slightly 
larger and more nearly circular than lesions on the other varieties. Infee- 
tion on all varieties was common near the bases of secondary roots. On 
July 24, lesions which could be identified with certainty were commonly 


*Cooperative work with Dr. C. E. Peterson of the Horticulture Section. 
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Fic. 4. Representative stems and tubers of susceptible potato varieties in auto- 
claved, heavily infested peat soil. Left to right: Red Warba, Cobbler, Pawnee, Katahdin, 
and Chippewa. Photographs by John Staby. 
situated along longitudinal growth cracks of the stems. In the second 
planting, examined on September 22, infection of both resistant and sus- 





Fic. 5. Representative stems and tubers of resistant progenies. Left to right: 
74-14, Menominee, 116-13, 599-5, and Cayuga. Photographs by John Staby. 
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ceptible varieties was common at the bases of secondary roots as well as 
along longitudinal growth cracks. In general, differences in stem necrosis 
between resistant and susceptible varieties in field trials were not dis- 
tinguishable. 

The lack of agreement between observed varietal resistance in stems 
under field and greenhouse culture is believed to be associated at least in 
part with certain factors influencing infection. In the greenhouse the 
natural soil microflora was absent, and observations were made before the 
stems had split because of secondary enlargement and before stems had been 
damaged by insects and parasitic fungi. It is believed that infection in 
the greenhouse occurred through lenticels, unwounded epidermis or peri- 
derm, or at the bases of secondary roots; whereas in the field, infection may 
have developed in these infection courts as well as through longitudinal 
splits in the stems and insect wounds. In large lesions, infection initiated 
by the scab organism was difficult to identify accurately because of lesions 
caused by stem parasitizing fungi and because of secondary invasion by 
other microorganisms. A detailed study of the histological aspects of re- 
sistance to Streptomyces scabies on field- and greenhouse-infected stems has 


been made and will be reported later. 


DISCUSSION AND SUMMARY 


Stem necrosis of potatoes caused by Streptomyces scabies has been men- 
tioned in the literature but its importance has not been sufficiently em- 
phasized. Necrosis was consistently present on Cobbler stems grown, in 
autoclaved, artificially infested peat soil in the greenhouse, with symptoms 
superficially resembling those of Rhizoctonia solani. Symptoms of S. 
scabies on potato stems consist of cortical necrosis, tan to light brown and 
merging gradually into the unaffected tissue. Vascular discoloration, aerial 
tubers, and chlorosis and anthocyanin development in the youngest leaves 
were common in Cobbler plants when stems had been severely attacked 
and girdled. 

Pathogenic cultures of Streptomyces scabies could be identified readily 
by using the necrotic reaction of stems of a susceptible variety, whereas 
cultures nonpathogenic to tubers were nonpathogenic to stems. Cultures 
of 19 Streptomyces spp., nonpathogenic to Cobbler tubers, failed to cause 
necrosis of stems, whereas all of the 12 cultures pathogenic to Cobbler tubers 
caused appreciable stem necrosis. Under the greenhouse conditions em- 
ploved, infection of the stems was a more reliable indication of patho- 
genicity than was the tuber reaction, probably because stems developed and 
were infected before contamination of the soil had become an important 
factor. 

It is believed that under Iowa field conditions, the incidence of potato 
stem necrosis caused by Streptomyces scabies is considerably higher than 
heretofore suspected. Of the lower stem lesions present as potatoes ap- 
proached maturity, approximately 15 to 20 per cent were conservatively 
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estimated to be caused by S. scabies, and in certain fields this figure was 


considerably higher. Accurate estimates were difficult because of the simi- 
larity of seab lesions to lesions caused by other soil-borne pathogens. 
Lesions were associated with the points of emergence of secondary roots, 
longitudinal splits in the stems, lenticels, and insect wounds. 

Potato varieties and progenies known to be resistant to tuber seab 
showed a high degree of resistance to stem necrosis following inoculation 
in tl ereenhouse, whereas varieties susceptible to tuber seab had large, 
deep necrotic lesions on the stems. Seab lesions on resistant varieties con- 
sisted of a few very superficial russeted spots, whereas lesions on stems of 
susceptible varieties were numerous and extended well into the cortex. Stem 


resistance was used successfully in determining the tuber resistance of 


seedling progenies in the creenhouse. 

Under field conditions, varietal differences in the resistance of stems to 
scab infection were not apparent. The lack of agreement between varietal 
esistance in greenhouse-inoculated plants and natural infection in the field 
s believed to be due to differences in the manner of entrance into the stem, 


and to soil factors such as the soil microflora and fauna. 
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EXPERIMENTAL DESIGN FOR STUDYING RESISTANCE OF 
STRAWBERRY VARIETIES TO VERTICILLIUM WILT’ 


R. E. BAKER AND G. A. BAKER? 
(Accepted for publication December 12, 1949) 


In the development of varieties of cultivated strawberry (x Fragaria 
ananassa) which are resistant to verticillium wilt (Verticillium albo-atrum 
R. and B.), a preliminary investigation (3) has been made of sample (or 
plot) size for field trials designed to distinguish between varieties that 
differ in reaction to the disease. The object of this paper is to give the re- 
sults of further work, which is the basis of proper designs of such experi- 
ments, and to report the results of a field trial involving 27 varieties. 

UNIFORMITY TRIALS INDICATING EXTENT AND 
CHARACTER OF SOIL VARIATION 


In 1948 two varieties, Shasta (403.8) and Lassen (544.2), were grown 
in uniformity trials of 1000 plants in a wilt nursery at the University of 
California Deciduous Fruit Field Station at San Jose. The plants grew in 
beds of two rows spaced 42 in. apart with 10 in. between plants in the rows. 
The rows were 50 plants long. The plants were exposed to infection 
through soil infested with the verticillium wilt fungus; in addition, each 
plant was inoculated with the causal organism at the time of transplanting. 
At the end of the growing season the strawberry plants were classified thus : 
1—plant dead; 2—heavy infection; 3—medium infection; 4—slght infec- 
tion; and 5—no visible infection. 

Plants of the same genotype do not always show the same amount of in- 
fection. This variation is partly the result of soil variation. The same is 
true of wheat bunt (1). Standard errors computed from experiments with 
50 plants per row (plot) were found to be 1.5 or more times as large as 
standard errors expected on the basis of random sampling theory. The in- 
crease in variability of averages of plots over that expected, on the basis of 
random sampling of independent variates seems to be due to the correla- 
tion of environmental conditions, especially along rows. 

The mean and variance for the 1000 Shasta plants were 3.02 and 1.22, 
respectively. For the Lassen plants the mean was 2.64 and the variance 

1 Presented at the Fifth Regional Meeting of the Institute of Mathematical Statis- 
tics at Berkeley, California, June 16-18, 1949. 

2 Respectively, Assistant Pomologist and Associate Statistician, California Experi- 
ment Station, Davis, California. 

The authors wish to express their appreciation to H. E. Thomas, direetor of the 
Strawberry Institute of California and former Associate Plant Pathologist in the Cali- 
fornia Agricultural Experiment Station, for furnishing the standardized pathological 
procedure which was followed in this paper; to B. A. Rudolph, Pathologist in the Cali- 
fornia Agricultural Experiment Station and Director of the University of California 
Deciduous Fruit Field Station at San Jose, for advice and for furnishing the inoculum 
which was used; and to Victor Voth and Al Amstutz for efficient handling of the material 
in the field and for assisting with the rating of the plants. 
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was 1.88. The significant difference in these variances indicates that either 
plots of 1000 plants may vary with respect to intrinsic soil variation or that 
some varieties may be more variable than others, or that both of these pos- 
sibilities may be true. 

if we analyze these experiments by rows and across rows (that is, by 
position or by number in the row), we find that across-row totals by position 
are much more uniform than row totals. In fact, row variations are about 
two or three times more important per degree of freedom than position 
Variation 

if we break our 1000 plant trials into 50-plant subplots similar to those 
for the randomized block trial, we find a variance of 0.132 for the Shasta 
trial and 0.068 for the Lassen trial. These are both larger than the ap- 
proximate expected value of 0.031. 


~ 


s 0.031 
10) 
1e plots were taken across rows—gelvine 40 plants to a plot the 


variances were 0.039 for Shasta and 0.067 for Lassen. If these variances 


are reduced to a 50-plant basis we have 0.031 and 0.054. These values ap- 
proach the expected value of 0.031 fairly closely and thus indicate that a 
bet arrangement of such trials is hardly possible. The consistency of 


observation with expectation also confirms the efficacy of 50 as a subplot 


size as suggested in (1) and (3 


7 


RANDOMIZED BLOCK FIELD TRIAL WITH 2/( VARIETIES 
AND FOUR REPLICATIONS 


ordinary analysis of variance for the randomized block experiment 


which was run in connection with the uniformity trials is in table 1. 
Lt fnalysis f variance of Verticillium resistance of strawberry hated 
\ Ji ? 194 
d Mean ’ 
Q Degrees of freedom Sum of squares : 
square 
107 40.38 
Variet 26 14.43 0.555 spin 
Replicat 3 1.67 0.5957 — 
Diserepancy (erro: 78 24.18 0.310 
Sig nt t tl 5 pel cent level. 


In the randomized block field trial of 27 varieties with four replications 
Table 1), based on plots containing 50 plants (2 rows x 25 positions , it 
as found that the error variance was 0.310. Here the average of the vari- 
ances for the 1000 plant trials is 1.55. Thus, if the ratings of individual 
plants were independent the expected variance of means of plots of 50 
plants is 1.55/50 =0.031. The actual result is 0.31, or ten times as great. 
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A detailed consideration of the variances within plots of 50 plants shows 
that the variances of the plots depend both on variety and soil position. 
If the two east replications are grouped together, the within-plot variance 
is 2.023. The similar figure for the two west replications is 1.415. Hence, 
F = 1.43 for 2,646 and 2,646 degrees of freedom and is highly significant. 
When the pooled variances for varieties are computed and tested for homo- 
geneity as indicated in (6), a value of 166.5 is found for M which is highly 
significant of nonhomogeneity. Under such conditions the ordinary anal- 
ysis of variance (Table 1) is invalidated. 

In this experiment the means for the varieties varied from 4.24 to 2.14. 
In view of the possibility of a relationship between the mean resistance rat- 
ings and the variances of the varieties, a transformation of the original 
variates was considered in order to get new variables more in line with fun- 
damental assumptions of the analysis of variance. Upon detailed examina- 
tion it was clear that the square-root transformation used by Baker and 
Hanna (2) or similar transformations would not effect the desired result. 
However, there is another type of transformation which may accomplish 


the purpose. 


TABLE 2.—Analysis of variance of the transformed variates of table 
— ; Me: 
Source of variation Degrees of freedom Sum of squares Tean F 
square 

Total 107 1,809.75 
Variety 26 1,141.78 43.91 5.15* 
Replication 3 2.73 0.91 0.11 
Discrepancy (error) 78 665.24 8.53 


* Significant at the 1 per cent level. 


Actually it is probably true that the mean of each plot of 50 depends 
on soil position within its block as well as on variety. Nothing can be 
done about this and, hence, it is assumed. that no such dependence exists. 
Thus, to get a transformed variable that can be expected to conform best 
to the usual analysis of variance, each plot mean can be measured from the 
block mean and in terms of the standard error of this mean, which is deter- 
mined from the standard deviation of the plot divided by the square root 
of 50. These transformed values should, have an error variance of ap- 
proximately one, whereas the error variance is 8.53 with 78 degrees of free- 
dom (Table 2 s 

Table 2 indicates that the differences between selections is much more 
clear-cut when the transformed variables are used. However, the expected 
error variance is now 1.042 and the observed is 8.53 or about 8 times as 
large. The observed variance for table 1 is about 10 times as large as ex- 
pected. This large observed value of the variance of the transformed 
variates indicates that the means of plots within blocks differ because of 
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location factors which, at present, we hope only to obviate by planting 
across rows instead of with rows. 

Another way of considering these data is to consider the percentages of 
plants that fall in categories 1 and 2. These data should then be trans- 


formed by the relation 


angle = are sin \/percentage, 





is indicated by Snedecor (5 The result of such analysis is in table 3. 
LE 3. {nalysis of variance Of the pe ‘centages of plants in categories 1 and 2 
Lb the relat angle =are sin VY percentage 
7 : : Mean 
S ée of variation legrees of freedom Sum of squares F 
square 
r 107 12,590.43 

Vari 26 7,334.89 282.11 $.55* 
Rey tio! } 418.41 139.47 2.20 

D | rol 78 $.837.13 62.01 

~ T ‘ t 


varieties are different at 


about the same level as 


ible 2. If the variance of the transformed percentages of plants in 


*) 


s 1 and 


T trials Is 


‘computed, 48.03 is obtained. 


r similar plots of 50 plants for the Lassen and Shasta 


The error variance from 


table 3 is 62.01 or about 30 per cent larger, which is not significant at the 


5 1) nt le vel 
eplications are not significantly different in table 3. 


t 


Llowever, if 


itions are tested for differences by means of chi-square according 


tal { we find that the replications are significantly different with re- 


Plants in 


categories l and pa 
370 
312 
$03 
‘ 391 
Tatal 1476 
= = 18.237: P 0.0004. 


I f ) plants n categories ] and 


in each of the four repli- 


Plants in 


categories 3,4, and 5 


USO 
1038 
947 
959 


3924 


spect to the percentage of plants in categories 1 and 2. Thus the analysis 


3 fails to detect a real difference between replications. 


Each of the analy Ses presented above is based on assumptions that are 


not entirely valid 
handling the data. 


is the rank that is assigned to each variety. 


[f possible, it is important to select the best of these 
A very important aspect of any such data 
Fifteen of these varieties have 


been studied carefully in the field for several years and have been rated as 








\- 
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in table 5. The ratings of each of the analyses is given for comparison. 
Also, rankings based on percentage of plants in categories 1 and 2 for all 
four replications lumped together are in table 5. 

It appears that the methods of transformed percentages and percentages 
from lumped data agree most closely with the field ratings. Also, the orig- 
inal data show the poorest agreement with the field data. If the field rat- 
ings are used as a standard and Spearman’s P (4) is computed, 0.97, 0.97, 
0.91, and 0.86 are obtained respectively for the transformed percentages, 
percentages from lumped data, transformed original averages, and original 
averages. 


TABLE 5.—Fteld ratings of wilt resistance of 15 varieties compare d with four sta- 
tistical methods of analysis 





Transformed 


Transformed roe Original Percentages 
Varieties Field rating percentages — values from lumped 
Table 3) values Table 1 data 
_ (Table 2) oe oe _ 
41 x 82-] l l 2 5 1 
42 x 23-13 2 2 ] l 2 
39 x 3-3 3 3 3 o 3 
36 x 2-14 4 + 7 7 4 
Banner 5 5 6 6 5 
Sierra 6 6 5 9 6 
Tahoe 7 x Q rm 7 
39 x 88-3 8 7 4 4 7 
Shasta a) 9 9 9 9 
39 x 78-3 10 12 12 12 12 
Lassen 11 13 13 13 13 
Campbell 13 1] 10 10 1] 
Cupertino 14 14 14 14 14 
40 x 3-12 15 15 15 15 15 


SUMMARY AND CONCLUSIONS 


Considerable data on the resistance of strawberry varieties as measured 
by a rating system applied to plants grown under field conditions has been 
obtained in the form of two uniformity trials on two varieties (Shasta and 
Lassen) and a randomized block experiment with 27 varieties and four 
replications. It is found that: 

Less variation between plots is encountered if the plots are taken across 
rows instead of with rows. 

Plots of 50 plants seem to be fairly adequate. 

The variance of a plot depends on variety and location. 

The means of plots within a block depend on variety and location. 

The observed error variance is ten times as large as expected for straight 
analysis of variance of average ratings of plots of 50 plants for the ran- 
domized block trial. For the average ratings the observed error variance is 
still eight times as large as expected, but the separation between varieties 
seems to be much sharper. 

The analysis of transformed percentages of plants in categories 1 and 2 
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also gives sharp distinction between varieties. The error variances for the 
randomized block experiment and the uniformity trials divided into simi- 


lar plots are not significantly different. 

The ranking of selections is important and may vary considerably with 
the method of distinguishing between selections. On this basis the analysis 
of transformed percentages and percentages calculated disregarding repli- 
cations gave the best agreement with field ratings. 

The present experiments suggest that a decided improvement in design 
ean be accomplished by taking plots across rows instead of with rows. 

Soil conditions seem to be important in disturbing the mean and vari- 
anees of ratings in small plots. If these variations could be overcome by 
improved methods of inoculating the plants or preparing the soil in a speci- 
fied manner before planting it would be very helpful. 

AGRICULTURAL EXPERIMENT STATION 
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DRYING AFTER HARVEST INCREASES STORAGE DECAY 
OF SUGAR-BEET ROOTS! 


JOHN O. GASKILL2 


(Accepted for publication December 15, 1949) 


Of the 9 to 11 million tons of sugar beets (Beta vulgaris L.) harvested 
in October and November in the eastern, middle western, and intermountain 
sugar-beet districts of the United States, the greater part is stored in out- 
door piles or bins for periods of several days to 3 or 4 months before being 
processed. Storage is necessary because not even the largest beet-sugar 
factories have the capacity to keep up with autumn deliveries of beet roots 
from the growers. 

Stored beets are subject to sugar loss through the process of respiration. 
This natural loss which accompanies the holding of a living product in 
storage is directly affected by temperature and other factors, and occurs to 
a considerable extent even under the most favorable conditions. Sugar 
losses of approximately 0.04 to 0.07 per cent per day at average tempera- 
tures of 35°-36° F. have been reported.* * That such losses mount rapidly 
as temperature increases was strongly emphasized in connection with com- 
mercial sugar-beet storage by Stout and Fort.* ® 

Under certain conditions of storage, and depending greatly on the 
quality of the beet roots stored, loss by decay-producing organisms may be 
far more serious than that caused by beet respiration, though conditions 
provoking the former also tend to intensify the latter type of loss. <A 
number of species of fungi, particular!y Phoma betae Frank, are capable 
of invading sugar-beet roots under ordinary storage conditions, and these 
species normally are accompanied or followed by less aggressive pathogens 
and by a variety of saprophytie microorganisms. These various invaders 
destroy the normal cell structure of the beet root, utilizing the sugar for 
their own growth and respiration, and producing heat which in turn tends 

1 Report of a study made under the Research and Marketing Act of 1946. Scientific 
Series Paper No. 297, Colorado Agricultural Experiment Station. 

2 Pathologist, Division of Sugar Plant Investigations, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultura] Research Administration, U. 8. Depart- 
ment of Agriculture, Fort Collins, Colorado. 

Acknowledgment is made to the Botany and Plant Pathology Section of the Colorado 
Agricultural Experiment Station and to the Beet Sugar Development Foundation for 
facilities used in connection with this investigation, and to Dr. G. H. Coons of the Division 
of Sugar Plant Investigations, U. S. Department of Agriculture, for assistance in the 
preparation of the manuscript. 

Gaskill, John O., and H. E. Brewbaker. Storage of sugar beets under conditions 
of high humidity and low temperature. Jour. Amer. Soc. Agron. 31: 109-115. 1939. 

+ Barr, C. Guinn, E. M. Mervine, and R. A. Bice. A preliminary report on the effect 
of temperature and beet conditions on respiration and loss of sugar from beets in storage. 
Proc. Amer. Soe. Sug. Beet Tech. 1940: 52-63. 1940. 

* Anon. Respiratory heat of sugar beets and its influence on the practical harvesting 
and storage problem. U and I Cultivator 6, No. 3: 11-13. 1946. 

6 Fort, C. A., and Myron Stout. Suggested procedure for obtaining lower tempera- 


tures during sugar beet storage. Proc. Amer. Soc. Sug. Beet Tech. 1946: 515-523. 
1946, 
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to accelerate the respiration of the stored beets as well as the respiration 
and rate oj development of the rot-producing microorganisms. The rotted 


beet tissue resulting from the activity of these organisms is, generally 


speaking, almost devoid of sucrose and extremely low in purity. It is un- 
fit for sugar extraction, and when rotted or partially rotted roots are 
mingled with sound roots at the slicers, sugar factory efficiency is reduced. 


In some storage piles, sugar loss is limited almost entirely to that re- 
sulting from respiration of the beets; in others, the combination of beet 
respiration and rotting caused by microorganisms results in much more 
severe damage. Laree sections of a pile or even an entire pile of thousands 

tons may become so badly rotted as to be unfit for use. 

some years ago the writer observed that when sugar-beet roots were 
stored for seed production purposes, rot losses were more severe among 


roots that had become somewhat wilted in the field between the time of 


liftine and storage A similar observation was made by Stout and Fort in 
ABLE 1.—Keeping quality of washed sugar-beet roots drie d for various periods 
l the stored for ] Wee at ¢ F. and for 19 weeks at 45 w. D plicate samples or 
( i] é used 
' , —s Loss in weight Rotted tissue at 
Dy is OSs 1n eight : » 
ms luriz bewies a during storage end of storage 
auring arying 
= T ht rt rior _- . - , - , ~ , 
= perl 6D F. $5 r. bo F. 45 F, 
} P Per cent Per « t Per cent 
11.7 2.8 11.8 1.3 
6.0 12.9 O.9 23 9 11.4 
9.9 18 2.6 65.6 27.0 
{ 5.4 26.1] 5 87.5 34.2 
n L374 D.0 


ynnection with respiration studies, and such a tendency has been suspected 


by sugar company agricultural men in recent vears. Since it is not an un- 


-Oommon practice for a vrower to leave unprotected, topped sucar beets in 
piles or windrows in the field for a day or two, or even longer, before de- 
vering them to receivine stations, it seemed advisable to investigate fur- 


et of such treatment upon the prevalence of rot in storage. 
xperiment was begun on October 20, 1948, at Fort Collins, Colo- 


} 


16 comparable samples of freshly harvested sugar-beet roots of 

i ‘ial variety 18 or 19 roots per sample. The beets were washed, 
lr weighed, and then dried out-of-doors in direct sunlieht for 1, a: 
t days. Roots exposed only 3 hr. were taken as a check. The samples 

red at night to prevent freezing, and were reweighed at the end 

period. The 16 samples, representing in quadruplicate the 
ods of drving, were placed in shallow wooden boxes; these were 

storage between two ventilated rooms held at approximately 

15 d 65° F., respectively. Relative humidity was maintained at a 


ugh to prevent excessive evaporative loss in weight of healthy 


tissue. After approximately 3 months’ storage in the 65° room and 4} 





a 





1950 GASKILL: SUGAR-BEET DECAY 485 








Fic. 1. Samples of sugar beets after 3 months’ storage at 65° F., showing effects 
of pre-storage drying upon keeping quality. Drying periods: A, 3 hr.; B, 1 day; C, 
2 days; D, 4 days. Rotting and discoloration increase as drying period lengthens. 


months in the 45° room, the percentage of rot in each sample was determined 
by weighing the rotted and healthy tissue. 

The data (Table 1, Figs. 1 and 2) show a striking trend from relatively 
little storage rot for unwilted beets (dried 3 hr.) to very severe rotting 
among beets that lost 15.4 per cent of their weight during 4 days’ pre- 
storage drying. Each successive increase in drying time, beyond the 3 hr. 
given the check treatment, was accompanied by a statistically significant in- 
crease in percentage of rot at both storage temperatures. 

These results emphasize the importance of prompt removal of beets from 
the field. In the past, proper field handling has been urged largely on the 
basis of weight loss; these data reveal the serious deterioration in storage 
which may result from wilting of beets in the field. Not only are respira- 
tion losses increased, as reported by Stout and Fort, but it is apparent that 
wilting causes tissue changes—probably death or collapse of cells—opening 
the way for invasion of fungi. 

These findings bear on the problems of harvesting sugar beets and 





Fic. 2. Exterior and interior views of sugar-beet roots after 4 months’ storage at 
45° F., showing effects of pre-storage drying on development of rot. Drying periods: 
A, 4hr.: B, 1 day; C, 2 days; D, 4 days. 
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strengthen the argument for mechanical harvesting, with either direct load- 
ing from the harvester or immediate pick-up from the windrow. 
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INTERNAL-BROWNING DISEASE OF TOMATO CAUSED BY 
STRAINS OF TOBACCO-MOSAIC VIRUS 
FROM PLANTAGO 


FRANCIS O. HOLMES 
(Accepted for publication December 15, 1949 


A damaging and somewhat mysterious disease of the tomato, Lycopersi- 
con esculentum Mill., in New Jersey was described recently by Haenseler 
(2) under the name of internal browning. It is characterized by death of 
tissues within tomato fruits, the exterior of which may appear nearly nor- 
mal. This disease closely resembles, though it is not necessarily identical 
with, the so-called vascular browning earlier described by Conover (1) in 
Florida and perhaps also a disease recognized by Young (5) under the 
names internal browning and core rot in Texas. 

In New Jersey, tomato internal-browning disease has shown evidence of 
association with unusual strains of tobacco-mosaic virus (Marmor tabaci 
H.) as was reported in a preliminary note (4). Characteristic damage to 
fruits has not yet been reproduced under controlled conditions in inocu- 
lated plants. Nevertheless, data collected in the field suggest that there is 
a causal relationship between the presence of strains of tobacco-mosaic virus 


and observed damage to fruits. The evidence is summarized below. 


ISOLATION OF STRAINS OF TOBACCO-MOSAIC VIRUS FROM AFFECTED FRUITS 


First observation of affected tomato plants in the field disclosed no direct 
evidence of the presence of a viral disease. Except for death of tissues 
within the first-maturing fruits, no abnormality was observed and foliage 
of affected plants appeared essentially healthy. Later observation showed, 
however, that chlorotic mottling of foliage was associated at times with 
the characteristic damage to fruits. 

A tendency to recovery in internal-browning disease, with production 
of apparently normal fruits after breakdown in two or more early clusters, 
was the only feature at first suggestive of a viral disease. Resemblance 
of this recovery to the improvement after onset in most ringspot and some 
mosaic-type diseases encouraged testing of affected fruits as possible 
sources of a virus. 

From each of seven fruits in the first test, and subsequently also from 
each of a larger series consisting of 55 affected fruits, tobacco-mosaic virus 
was recovered. In the first test this result was not regarded as significant 
because of the probability of high tobacco-mosaic incidence in late summer. 
Fortunately, however, tobacco plants used in testing for isolation of viruses 
were held in a greenhouse for several weeks to permit other viruses to dis- 
close themselves, if present. Although no evidence of isolation of any other 
virus appeared, some of the infected plants eventually showed unusual 
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manifestations of disease; in five of the seven infected tobacco plants, lower 
leaves showed extensive collapse of tissues, a result not anticipated from 


previous experience with strains of tobacco-mosaic virus obtained from to- 
matoes in New Jersey. Later isolations of virus produced other peculiari- 
ties in tobacco, in some eases yellow mottling, for example. These unex- 
pected results suggested that collapse of tissues of the original tomato 


fruits might have been caused by the presence of strains of tobacco-mosaie 
virus, and led to a search for possible weed hosts of unusual strains of this 


virus on affected farms. 


ASSOCIATION BETWEEN FIRST OUTBREAK AND DISEASED WEEDS ON 
SEVERAL FARMS 


On four of five farms investigated in the autumn of 1948, a report of the 
exact location of first cases of internal browning in tomatoes during the pre- 
ceding summer was available. In each case plants of broad-leaved plantain 
naturally infected with strains of tobacco-mosaic virus were found within 
12 ft. of the indicated site. The mosaic plantains were usually of the spe- 
cies Plantago rugelii Dene., but occasionally of the locally less common P. 
major L.; ribgrass (P. lanceolata L.), a narrow-leaved plantain, was found 
infected rarely, although it occurred abundantly in the area. No other 
iseased weeds were found characterizing such locations, all four of which, 
inecid ntally, were on the edges of tomato fields: neither were diseased plan- 
tains found in general elsewhere around the peripheries of the affected 
fields, although healthy plantains usually were present and often were nu- 


merous. Tobacco-mosaic-infected plantains (3) had been found widely 


throughout New Jersey and neighboring states previously, but they never 
had been found carrying strains of virus closely resembling those recov- 
ered from the infected tomatoes. From plantains on the affected farms, 
however, a wide variety of strains of tobacco-mosaic virus were obtained. 


Some resembled the earlier recognized ribgrass strain (var. plantaginis H.), 


others more nearly resembled typical tobacco-mosaic virus, and still others 
seemed intermediate in characteristics. On each of the four farms on 
which a first outbreak in a tomato field Was close to diseased plantains, one 


or more isolates from the plantains resembled those from the tomatoes. 
These findings suggested the hypothesis that diseased plantains might 
have been the source of virus for initial infection of each tomato field. 
They implied also that infection had occurred after removal of seedlings 
from the seedbeds, because seedbed infection would not have been expected 


to result in localization of the tomato disease near diseased plantains. Sub- 


sequent spread within the field and to other fields on the same farms was 
assumed to have been by mechanical transmission through the agency of 
abrasive contacts, such as contacts with tools and machinery used in the 
Tomato fi¢ lds 


On the four farms, plantains that were at a distance from the sup- 
posedly first-affected tomato plants were, in contrast to those in the imme- 
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diate vicinity, almost invariably healthy, as has been mentioned. This was 
true despite the fact that many of these healthy plantains were very near, 
or actually in, parts of tomato fields in which the incidence of disease ap- 
proached 100 per cent. Transmission of virus from tomato back to plan- 
tain, therefore, seemed to have occurred relatively rarely, if at all. The 
same evidence suggested relatively slow spread from plantain to plantain, 
for incidence of disease in plantains remained low indefinitely; further- 
more, it suggested slow spread from plantain to tomato since only a few 
tomato plants showed early disease on each farm. 

On the fifth farm it was not possible to learn where the disease first 
appeared in tomatoes during the summer of 1948. In fact, the farmer de- 
clared that the disease began throughout his fields simultaneously. Plan- 
tains were numerous on this farm but none were found diseased during 
the autumn of 1948 or early in the spring of 1949. 

When internal browning first appeared on this farm in the 1949 erop 
of tomatoes, it became evident that first cases of the disease were, indeed, 
widely scattered and not near edges of the field nor near diseased plantains. 
It was concluded, therefore, that seedbed infection such as had not charac- 
terized the first four farms had occurred on this fifth farm. The assistant 
agricultural agent of Middlesex County’ was asked to examine the site that 
had been used as a seedbed. He found large numbers of conspicuously 
diseased broad-leaved plantains immediately around the edge of the seed- 
bed, some of the affected plants being within 6 inches of it. This ade- 
quately confirmed the hypothesis that first affected tomato plants may be 
expected to occur in immediate proximity to diseased plantains. 


ATTEMPTED CONTROL BY ISOLATION OF TOMATO FIELDS FROM DISEASED WEEDS 


An attempt was made to use the hypothesis of spread of virus from a 
weed reservoir in formulating measures for control of internal-browning 
disease of tomatoes on a farm near Milltown, New Jersey. This farm had 
been involved in a severe outbreak during 1948. Three new fields for 
tomato plantings in 1949 were selected in parts of the farm that showed 
relatively few plantains and no diseased groups of these plants. At the 
same time, an attempt was made to destroy all the known diseased plan- 
tains on the farm and to reduce the number of healthy plantains around 
the edges of the selected fields. 

Destruction of diseased plantains on this farm proved more difficult 
than had been anticipated. Only a single patch of diseased plantains was 
recognized there in the autumn of 1948. Just before the advent of cold 
weather, an attempt was made to destroy the infestation by spraying with 
a 2.4D solution. On May 2, 1949, inspection showed that many plantains 

‘The author wishes to express his appreciation of the continuous cooperation given 
by Mr. Milton Cowan, assistant agricultural agent of Middlesex County, N. J., whose 
careful preliminary survey of internal-browning disease furnished accurate information 
on the location of initial outbreaks of disease on several farms. In many ways Mr. 
Cowan greatly facilitated the investigation here reported, especially through arranging 
for cooperation with farmers in the area. 
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had been killed, but that a few had survived and that one of the latter was 
diseased. Surviving plants were sprayed with 2,4D and the diseased plant 
was removed. A second patch of infected plantains was discovered at this 
time and treated with 2,4D solution. On June 16 inspection showed that 
some sprayed plantains had died but that the disease had spread among 
survivors. The infected patches were not larger in area than before but 
contained larger numbers of diseased plants. Infected plants were re- 
moved, but again on July 7 diseased plantains were numerous at the two 
locations. They were then removed. Soon after this time, on July 31, it 
became evident that a marked spread of disease had occurred in plantains 
on this farm, although the incidence of disease was still extremely low in 
terms of percentage of all plantains present. Fortunately, no newly in- 
fected patches of plantains were found near the selected fields. It was 
evident, however, that preliminary attempts to eliminate diseased plantains 
from the farm as a whole had been unsuccessful. 

Failure to control the disease in plantains did not interfere seriously 
with the simultaneous attempt to control the disease in tomatoes. In the 


fields that had been selected as free from diseased plantains, tomatoes 


ripened without evidence of internal browning until near the end of the 

al picking sason. Even then only three questionably affected fruits were 

un This contrasted sharply with conditions in the previous vear when 

mato fields on the same farm had been severely affected by typical inter- 
nal-b1 ning disease. 

On a neighboring farm the experience was quite the opposite. Here 

re had been no internal-browning disease in 1948 and diseased plantains 

id been found only at a distance from tomato plantings. In 1949 a single 


planting of tomatoes was selected in an area where plantains 

but the farmer later abandoned this site and chose one that 

happened to be in immediate juxtaposition to a group of diseased plan- 
ins. On this new plot internal browning of tomatoes was evident near 
the diseased plantains on July 31, when the field was inspected for the first 


time By August 18 it had become prevalent throughout the field. 


Py al control on one farm by choice of fields not contiguous to 
pat diseased plantains and outbreak of disease on a second farm 
where such precautions were not taken tended to confirm the hy pothesis 
that internal-browning disease was caused by infection of tomatoes with 
strains tobacco-mosaic virus from diseased plantains. 

XPERIMENTAL CONTROL BY USE OF TOBACCO-MOSAIC-RESISTANT 
TOMATO PLANTS 

On a farm where internal browning of tomatoes had been prevalent in 
1948, a single row of tobacco-mosaic-resistant tomato cuttings was planted 
through the middle of a field of mosaic-susceptible and internal-browning- 
susceptible tomatoes in 1949. The susceptible tomatoes were of the variety 
Valiant. This planting was on land immediately adjacent to a field that 
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had been affected by internal browning the previous year. The row of 
resistant plants consisted of rooted cuttings from previously inoculated but 
not infected tomato plants that were under study at the time to determine 
the mode of inheritance of the tobacco-mosaic resistanee.2. A few diseased 
plantains were found along a roadway at the side of the 1948 and the 1949 
fields, especially near the boundary between the plantings of the two years. 

On July 28, 1949, inspection showed early stages of mosaic in most of 
the Valiant tomato plants and advanced stages of mottling in a few of 
these, but no mosaic in any of the tobacco-mosaic-resistant plants. Later, 
mosaic was Observed in all the susceptible, though in none of the resistant, 
plants. Soon internal browning became prevalent among the Valiant to- 
mato plants, affecting about 35 per cent of them throughout the field. The 
tobacco-mosaic-resistant plants did not develop it at all so far as could be 
judged by cutting and examining 786 of their fruits. This was taken to be 
an additional confirmation of the hypothesis that strains of tobacco-mosaic 
virus cause internal browning disease, for no resistance to internal brown- 
ing had appeared previously on affected farms on which a number of va- 


rieties of tomato had been exposed. 


DISCUSSION 


A causal connection between infection of tomato plants by strains of 
tobacco-mosaic virus originating in infected Plantago species and the dis- 
ease known as internal browning seems to have been demonstrated in 
studies made in Middlesex County, New Jersey. Similar diseases else- 
where are not necessarily of the same nature. It is conceivable, for exam- 
ple, that they may be caused by strains of the same virus from some other 
infected perennial plants or by some other virus or viruses. Indeed, ac- 
counts of so-called vascular browning in Florida (1) and of internal brown- 
ing or core rot in Texas (5) suggest that there may be minor ways in 
which these diseases differ from each other and from the disease in New 
Jersey, although the three have important features in common. 

Further experimentation is needed in connection with two phases of 
the investigation in New Jersev; namely, failure to reproduce internal- 
browning disease by inoculation of tomato plants under controlled condi- 
tions, and failure to eradicate infestations of diseased plantains. Failure 
to reproduce the disease in tomatoes under controlled conditions may well 
be a result of choosing an improper environment for the tests. In experi- 
mental ereenhouses, for example, light, temperature, or soil conditions may 
preclude maximum damage within infected fruits. Failure to eradicate 
diseased plantains may point to a part played by unknown vectors in car- 
rying the disease to neighboring healthy plants when their diseased host 
plants are killed. These problems are being investigated further. 

2Tomato lines from which the resistant plants were derived had been provided by 
Dr. W. A. Frazier while he was on the staff of the Hawaiian Agricultural Experiment 


Station, University of Hawaii, Honolulu, T. H. Dr. Frazier kindly consented to the use 
of these plants in the field experiment here described. 








192 


{ 
ains 

Inte 
alns 


PHYTOPATHOLOGY Vou. 40 


SUMMARY 
iks of internal-browninge disease of tomato in Middlesex 
vew Jersey, five cases of close association between mosaic plan- 
Plantago species) and the first affected tomato plants suggested that 
of tomatoes had arisen from this weed reservoir. Both the plan- 


d the tomatoes were found to contain a series of similar but unusual 


rains of tobacco-mosaic virus. On one farm a practical control of internal 


browning was achieved in 1949 by locating tomato fields at a distance from 


; 
all KI 
Tye 
rus 
ing d 


wn infected plantains. On another farm a field of tomatoes was 
affected by internal browning and by mosaie except for a row of 


ental tobacco-mosaic-resistant tomatoes, which showed neither dis- 


These findines collectively suggest that strains of tobacco-mosaic 


from plantain reservoirs play a causal role in tomato internal-brown- 


ase, although other factors, presumably environmental, seem to be 


implied by failure of experimental inoculations to reproduce the disease in 


ped 


H 
tio 


1SsSe tests. 
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OPHIOSTOMA ON NARCISSUS BULBS 
DONALD P. LIMBER 
(Accepted for publication December 22, 1949) 


A species of Ophiostoma has been found frequently on imported nar- 
cissus bulbs at the Bureau of Entomology and Plant Quarantine inspection 
house at Hoboken, New Jersey. As the writer has found no account of a 
species of Ophiostoma on Narcissus or of a species to which it can be as- 
signed, a description and some observations on its effect on the host are 
gviven herein. When first studied, the fungus was thought to be a 
Ceratostomella, but Ross W. Davidson' has suggested that it is closely re- 
lated to C. stenoceras Robak, which Nannfeldt? has transferred to 
Ophiostoma. 


SYMPTOMS 


Infected tissue is dark brown (chestnut brown or darker) and rather 
firm in texture. On desiccation the decayed scales may become nearly black, 
or may bleach to a grayish-white. Invasion is usually by way of an injury, 
and very often follows the tearing of the outer bulb scales that occurs when 
the maturing bulb splits. The most useful diagnostic character is the 
presence of perithecia in the decaying tissue. They appear as black specks, 
but with a hand lens the spherical bodies of the perithecia, bearing long, 
slender beaks, ean be distinguished readily (Figs. 1, C, and 2, A). 


Ophiostoma narcissi n. sp. 

Mycelium growing slowly in culture, on potato-dextrose agar, grayish- 
white at first, becoming slightly yellowish with age, appressed, wrinkled, 
with a sparse, white, aerial growth of mycelium and conidiophores mostly 
at the edges of the colony, the mat darkening with age owing to the develop- 
ment of very numerous perithecia; perithecia begin to form in 2 or 3 weeks 
and mature slowly, black, spherical, nearly glabrous, 144-210» in diam. ; 
beaks smooth, black but paler near the apex, straight or curved, 160—370 u 
long by 12-15 » thick, occasionally two may develop on a single perithecium ; 
ostiole usually entire, but very rarely the hyphal strands of the beak sepa- 
rate at the apex producing a fimbriate margin; asci small, globose or ovate, 
soon disappearing, 8-spored ; ascospores ovate to oblong with rounded ends, 
hyaline, expelled in a mass, 2-3.7 x2-2.5y (Fig. 1, A); conidiophores 
1-2 » wide by 2-50 » long, often tapering toward the apex to about 0.8 » in 
diam. (Figs. 1, B, D; 2, D), apex bearing one to many denticulate sterigmata 
which may be swollen at the base (Fig. 2, D), sterigmata in a whorl, or irreg- 


1 Ross W. Davidson, pathologist, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, U. S. Department of Agriculture, Beltsville, Maryland. 


2 Melin, E., and J. A. Nannfeldt. [Researches into the blueing of ground wood- 
pulp.] Svenska Skogvardsfé6ren Tidskr. 32: 397-616. 1934. 
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Fig. 1. Ophiostoma narcissi. A. Ascospores, x 580. B. Mycelium showing conidio- 
phore, x 580. C. Two perithecia on bleached narcissus tissue, x 100. D. Mycelium with 


eonidiophores and conidia, x 264. 


ularly at the apex, or on very short branches on the conidiophore ; conidia 
hyaline, continuous, clavate to ovate, base subacute to somewhat obtuse, top 
broad obtuse, 2.5—7 = 1.7—3 », usually 4-5.5 « 1.7-2.5 » (Fig. 2, C); conidia 
sometimes multiply by veastlike budding. 

Average radial growth on 2.5 per cent malt agar, 5.5 mm. in 5 days. 


In Narcissus spp. in Holland, England, Ireland, and the United States. 


Mycelio in eculturis moderatim crescenti, albo, demum flavido; peritheciis, atris, 
sphaericis, subglabris, 144-210 , in diametro; rostris rectis vel curvis, 160-370 x 12-15 yp, 
inte I luobus praesentibus; asci globosis vel ovatis, evanescentibus, octosporis; asco- 
sporis parvis, hyalinis, ovato-ellipticis, 2-3.7 x 2-2.5 1; conidiophoris simplicibus supra 
attenuatis; sterigmatibus verticillatis, perparvis, apicalibus; conidiis hyalinis, acro- 
pleurogenis, clavatis vel longe ovatis, interdum curvulis, 2.5-7.2 x 1.7-3 4 (plerumque 
4$—5 5 2.5 w)-. 

» Maveted « 

Specimens examined: Holland, R. F. Olsen, January 28, 1946, Hoboken 


5332 (Type, a part deposited in the Mycological Collections of the U. S. 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Beltsville, 
Maryland) ; Cornwall, England, D. P. Limber, September 7, 1934, B.P.Q. 
A-27372:; Waterford, Ireland, D. P. Limber, September 1, 1948, Hoboken 
14270; Washington (State), H. M. Williams, November 16, 1948, Atlanta 
39; Sandy, Oregon, H. M. Williams, October 13, 1948, Atlanta 5. 

As stated above, this fungus is closely related to Ophiostoma stenoceras. 
It can be distinguished from that species by the larger perithecia, shorter 


is indebted to Miss Edith K. Cash, associate mycologist, fureau of 
Plant ] stry, Soils, and Agricultural Engineering for editing the Latin diagnosis. 
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Fic. 2. Ophiostoma narcissi. A. Perithecia. B. Ascospores. C. Conidia. D. 


Conidiophores with sterigmata and conidia in various arrangements. 
and narrower beaks which are rarely fimbriate, and the smaller, more sym- 
metrical ascospores. 
IMPORTANCE OF THE DISEASR 
This fungus has been collected many times on Narcissus from Holland, 


” 


England, and Ireland since 1934, and in recent vears on American-grown 
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bulbs. It is usually confined to a limited area on one side of the infected 
bulb, and does not penetrate beyond the second or third scale, but in asso- 
ciation with other bulb pests, such as mites, bulb flies, or nematodes, the 
fungus may be found deeper in the bulb and hastens its complete decay. 
Limited inoculation experiments have been made first on potted bulbs 
in the house, and then repeated on bulbs planted in the open. In no ease 
jury occur other than a limited decay about the scalpel incision when 
a wound was made. The fungus was able, however, to persist on the outer, 
dead scales of the inoculated bulbs whether wounded or unwounded. When 
the fungus was present on these scales, they usually were friable with a 
tendency to disintegrate when handled. It thus appears to be a saprophyte 
a weak parasite which, under very favorable conditions, may cause decay. 
U.S. DEPARTMENT OF AGRICULTURE 
BUREAU oF ENTOMOLOGY AND PLANT QUARANTINE 
HOBOKEN, NEW JERSEY 








VERTICILLIUM WILT OF COTTON WITH PARTICULAR EMPHA- 
SIS ON VARIATION OF THE CAUSAL ORGANISM? 


JOHN T. PRESLEY? 
(Accepted for publication December 12, 1949) 


INTRODUCTION 

Verticillium wilt of cotton has been known in the United States since 
1914 when Carpenter (10) observed it on two cotton plants in the green- 
house at Arlington, Virginia, and isolated Verticillium albo-atrum R. and 
B. from the infected plants. The disease was first recorded by Sherbakoff 
(31) as occurring on cotton in Tennessee in 1928. Since 1928 numerous 
reports of the disease have been made by workers in Mississippi, Arkansas, 
Texas, New Mexico, Arizona, and California. Verticillium wilt is now 
recognized as one of the major diseases of cotton, notably in the lower Mis- 
sissippi Valley and in the irrigated areas of the Southwest. Although a 
number of workers have investigated V. albo-atrum in relation to other 
crops, very little detailed work on cotton has been reported. The present 
investigation is a continuation of the preliminary work done in Arizona 
and reported (26) in 1941. Some of the data presented in the present 
study pertain to symptoms of the disease, the occurrence of the pathogen 
in virgin soils, and the influence of soil amendments and fertilizers on the 
development of wilt; but the main part of the study deals with variability 
and genetic variation of V. albo-atrum in culture, the significance of varia- 
tion in regard to the taxonomy of the fungus, and the pathogenicity on 
cotton. In addition, field studies were made on varietal reaction to wilt in 
two different areas of the United States. 


HISTORY AND DISTRIBUTION OF VERTICILLIUM ALBO-ATRUM 


The fungus was first isolated from diseased potato plants in Germany 
by Reinke and Berthold (27) who described and named the fungus Verti- 
cillium albo-atrum R. and B. Some years later, Klebahn (18) isolated a 
vascular Verticillium from diseased dahlias and considered the isolate suffi- 
ciently different from Reinke and Berthold’s V. albo-atrum to warrant the 
establishment of a new species, V. dahliae K. The principal difference as 


1Published with the approval of the Director, Mississippi Agricultural Experiment 
Station, State College, Mississippi. Paper No. 164, New Series. 

Presented in partial fulfillment of the requirements for the Ph.D. degree granted 
by the University of Minnesota, June 1947. 

Pathologist, U. S. Department of Agriculture, Bureau of Plant Industry, Soils and 
Agricultural Engineering, Division of Cotton and Other Fiber Crops and Diseases, co- 
operating with Mississippi Agricultural Experiment Station, State College, Mississippi. 

The writer wishes to acknowledge his indebtedness and gratitude to Dr. E. C. Stak- 
man for suggesting the problem and for his advice and encouragement throughout the 
investigation; to other members of the Department of Plant Pathology, University of 
Minnesota, for assistance in various ways; to the many workers at the U. S. Field Station, 
Sacaton, Arizona; and to Dr. O. A. Leonard of the Mississippi Agricultural Experiment 
Station, who has assisted in the field work and in collecting data. 
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described by Klebahn seems to be the production of microsclerotia by V, 
dahliae and the absence of microsclerotia in V. albo-atrum. This viewpoint 
is upheld by Van der Meer (21), Dufrenoy (14), and Berkeley, Madden, 
and Wilson (3), whereas Carpenter (11), Wollenweber (33), and Rudolph 
28) consider that Reinke and Berthold’s original description was meant 
to include both types, since they illustrated microsclerotiumlike bodies in 
their original plates. Except for Carpenter’s (10) original description of 
Verticillium wilt of cotton, no record of the disease on cotton in the United 
States east of Tennessee has come to the attention of the writer. The dis- 
ease is now reported from Tennessee, Arkansas, Mississippi, and Louisiana, 
particularly along both banks of the Mississippi River; also from Texas, 
Oklahoma, New Mexico, Arizona, and California. In these States the wilt 
appeared to be most prevalent in heavier soils and where soil reaction is 
neutral or slightly alkaline. Outside of the United States, the disease on 
(2). 
Also. according to Butler (9). the disease occurs in eotton in South Afriea, 


eotton has been reported from Greece (22), Brazil (7), and Peru 


Central Asia, and Bulgaria. 
SYMPTOMS 

Th symptoms of Verticillium wilt have been described by various 
other workers but some confusion seems to exist in the descriptions. 

In the seedling stage, the cotyledons of Verticillium-infeeted cotton 
plants become yellowish, followed by rapid desiccation. Vascular discolora- 
tion is evident, particularly at the base of the hypocotyl, and the infected 
seedlings usually die. 

In voung plants with three to five true leaves there is considerable 
stunting; the leaves appear darker green than those of a normal plant, and 


become somewhat crinkled between the veins. The most outstanding symp- 
tom of the disease is the chlorotic areas on the leaf margins and between 
the principal veins, giving a distinct mottled appearance. 


In older plants the symptoms usually occur in the lower leaves first, 
spreading to the middle and upper leaves of the plant later in the season. 
The chlorotic areas gradually become larger and paler and finally become 
necrotic, and many of the leaves are shed. Older plants may survive the 
entire season and will sometimes send up sprouts from the base of the plant. 


Comparison of Verticillium and Fusarium Wilt Symptoms 

Some workers have attempted to distinguish between Verticillium and 
‘usarium wilt, but under some conditions it is difficult to distinguish one 
wilt from the other in mature plants without making isolations. In the 
eariy Stages of Verticillium wilt of older plants the vascular discoloration 
appears to be more evenly distributed through the stele of the plant at the 
eround line and to be lighter brown than the discoloration produced by 
Fusarium wilt. In Fusarium-affected plants one or more leaves near the 
‘rown may wilt suddenly and die while the other leaves remain apparently 
healthy. This condition has never been observed in Verticillium wilt. In 
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1929 Sherbakoff (32) published a description of Fusarium and Verticillium 
wilt, but his description is contradictory. Carpenter (11) states that Fu- 
sarium and Verticillium are indistinguishable except by cultural methods. 
The writer feels reasonably certain that field diagnosis can be accurately 
made under certain conditions. However, for positive proof of the identity 
of the causal organism, laboratory isolation must be made. 

The amount of stunting caused by Verticillium wilt apparently depends 
upon the stage of development of the plant when it becomes infected. Her- 
bert and Hubbard (17) report that no dwarfing owing to the disease has 
been noticed in California, but Bewley (4, 5) reports that the plants he 
inoculated were stunted and that desiccation of the leaves occurred 35 days 
after inoculation. Severely affected cotton plants will shed all of the leaves 
and most of the bolls (Fig. 1). 


. 4) 


, =45 . 





Fie. 1. Defoliation of susceptible cotton by Verticillium wilt. Varieties from left 
to right, Hartsville 7, Acala 1-1-7, and Acala 1517. Note complete loss of leaves in 
Acala 1-1-7, a very susceptible variety in Mississippi. 


THE OCCURRENCE OF VERTICILLIUM ALBO-ATRUM IN VIRGIN SOILS 


the cotton-growing districts of Arizona. The fact that the disease appeared 
simultaneously in valleys which were physiographically isolated led Brown 


In 1937 Brown (8) reported that Verticillium wilt was present in all of 


to believe that the disease was seed-borne, since cotton was affected on new 


a 2 
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land in crop for the first time. Although there were indications that V, 
albo-atrum might be carried on the seed, there was no experimental evidence, 
The writer studied the possibility of seed dissemination of the pathogen by 
collecting cotton seed from wilted plants in different localities in Arizona 
from 1938 to 1940 and planting the seed in steamed soil in the greenhouse, 
Although several thousand cotton seeds were planted, not a single plant de- 
veloped any symptoms of wilt, which indicated that the pathogen is not 
seed-transmitted. Recently Rudolph and Harrison (30) came to the same 
conclusion regarding transmission of V. albo-atrum in cotton seed. 

Studies were made to determine whether the fungus occurred naturally 
in soils where no cultivated crops had been grown previously. Since centers 
of infection had been found on land in crop for the first time, it appeared 
probable that the fungus was indigenous to those areas where it occurred. 
One area, known as ‘‘ Hidden Valley,’’ is well isolated from other cultivated 
areas and pump water is used for irrigating the land. In 1937 Verticillium 
wilt was found there in a planting of Upland cotton and, although the dis- 
ease was not severe, several distinct ‘‘ wilt areas’’ were apparent. Addi- 
tional land within a 1-mile radius of the field where the original wilt areas 
were found was brought under cultivation in 3 successive years and planted 
to cotton as a first crop. Each year about 600 additional acres of land were 
cleared of native brush and prepared for irrigation and planting in the fol- 
lowing season. 

Precautions were taken to obviate any chance of seed-borne infection 
entering those plantings even though the greenhouse tests had indicated 
that infection was not seed-borne. Seed for all plantings was acid-delinted 
at a commercial delinting plant to kill any pathogens on the surface of the 
seed, and as a further precaution the seed was treated with Ceresan (ethyl 
mercury chloride) at the rate of 3 oz. per bushel. In addition, one particu- 
lar planting was made with seed that had been imported from a region 
known to be free from Verticillium wilt. In every instance typical ‘‘ wilt 
areas’’ appeared in the new plantings and ranged from areas with a few 
scattered plants to areas 20 to 30 ft. across. The pathogen was repeatedly 
isolated from the diseased plants and identified as V. albo-atrum. 

Excavations in the wilt areas revealed that the roots of many of the 
severely affected cotton plants were in actual contact with roots of native 
desert plants that remained in the soil after the clearing operations were 
completed. Roots of the creosote bush, Larrea tridentata Coville, occurred 
frequently in juxtaposition to diseased cotton roots. Hundreds of roots 
were collected from the excavations, and isolations were attempted in the 


aboratory, but Verticillium was never recovered from any material except 


cotton roots. 

Other observations were made in a large area of desert land southwest 
of Casa Grande, Arizona, which was cleared and planted to cotton in 1941. 
One field of 300 acres was planted to Upland cotton and about 1000 acres 
were planted to American-Egyptian cotton. During late October several 
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acres of the Upland and American-Egyptian cotton were inspected. The 
American-Egyptian cotton had mild symptoms of wilt, but in the Upland 
cotton typical wilt areas as well as scattered individual plants were affected 
by disease. The pathogen was isolated and identified as V. albo-atrum. 
From this evidence and numerous other field observations, the writer is con- 
vineed that Verticillium is present in virgin soils in many parts of Arizona. 


EFFECT OF FERTILIZER AND SOIL AMENDMENTS ON THE DEVELOPMENT OF 
VERTICILLIUM WILT OF COTTON 


Numerous field observations and experiments indicate that the nutri- 
tion of the host has some effect on the development of Verticillium wilt. 

Rudolph and Harrison (29) reported that anhydrous ammonia, anhy- 
drous ammonia plus ammonium polysulphide cyanamid, and soil sulphur 
were used on infested plots 3 consecutive years but the treatments failed to 
control Verticillium wilt of cotton. They also report that sulfate of ammonia 
and earbon bisulphide failed to control the disease in 1939. 

Many workers have found that Verticillium wilt is particularly severe on 
soils high in organic matter and also that the disease is favored by heavy 
applications of organic matter to the soil. Garrett (15) summarized the 
findings of the various workers and lists Verticillium as a fungus favored 
by high organic matter and a relatively high pH. 

Our results indicate that the amount and kind of fertilizer has some influ- 
ence on the development of Verticillium wilt. The plots receiving 800, 1000, 
and 1200 lb. of 4-8-4 fertilizer per acre show a direct relationship between 
the amount of fertilizer and the percentage of wilt in the plots. The plots 
receiving 600 lb. of fertilizer per acre show an increase in wilt for each in- 
crease in percentage of nitrogen, and a decrease in wilt for each increase in 
percentage of potash. 


Spread of the Wilt Fungus in the Soil 


y 


Garrett (15) reported that in hop plantings in England Verticillium 
wilt appeared to spread in the direction of cultivation, since the spread of 
the disease was more rapid in cross-cultivated fields than in those cultivated 
in only one direction. Rudolph and Harrison (29) found that the fungus 
spread more rapidly in the heavier soils, with the spread usually against the 
flow of irrigation water. The writer found that the disease in virgin soils 
appeared to spread concentrically from the loci of infection. In Mississippi, 
where the spread of the fungus was carefully studied, it required 2 years for 
plots about 134 ft. wide to become completely invaded. 

VARIABILITY OF VERTICILLIUM ALBO-ATRUM IN CULTURE 
species consisting of numerous biotypes that differ strikingly in cultural 


characters. It also was demonstrated that new biotypes frequently arise in 
culture as sectors or patch variants. In order to obtain additional informa- 


Previous studies by the writer (26) have shown that V. albo-atrum is a 
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tion on the nature and extent of these variations, particularly in relation to 
taxonomy and pathogenicity, a detailed study was made of a number of iso- 
lates. In this study from 30 to 75 monoconidial cultures were obtained from 
each of 9 ‘‘parental’’ cultures. The parental cultures consisted of 1 miero- 
sclerotial, 2 fluffy mycelial, 1 appressed mycelial, and 5 of the most commonly 
occurring microsclerotial plus mycelial types. All parental cultures except 
two were started from mass transfers of older cultures grown in the labora- 
tory. The two exceptions were progenies of monoconidial cultures, both 
originally isolated from cotton in Mississippi. In each case, before the mono- 
conidial isolates were made, the type of parent culture was noted. This was 
important because one of the purposes of these studies was to find out 
whether the monoconidial progeny of a certain type of culture would pro- 
duce only the parent type or would develop into other types. Data on the 
progeny types were taken at two intervals, 4 and 12 weeks after the isolates 
were made. 

Stock cultures, after growing in the laboratory for a certain length of 
time, may change in appearance, or revert to one or more types, such as 
microsclerotial, fluffy mycelial, or appressed mycelial, or take on an inter- 


mediate form among these types (Fig. 2). For the sake of convenience they 





Fie. 2. Cultural types of Verticillium albo-atrum. Left, microsclerotial plus 
mycelial culture type usually isolated from diseased cotton plants. Microsclerotial, 
fluffy mycelial, and appressed mycelial types originating from single conidia taken from 
the microsclerotial plus mycelial type at left. 


ean be roughly classified into four main types: microsclerotial plus mycelial, 
microsc¢lerotial, fluffy mycelial, and appressed mycelial. Of the 352 mono- 
conidial isolates obtained, the majority were of the type with abundant 
microsclerotia and mycelium. 

Among the monoconidial isolates a large number of cultural types were 
obtained ranging from black microsclerotial types with very little mycelium, 
to pure white mycelial types with no microsclerotia, and from very fluffy 
to completely appressed mycelium. The production of microsclerotia in the 
different cultures also was variable. In some of the cultures there were only 
dark septate hyphae; in others there were scattered small microsclerotia ; and 
in the black cultures the microsclerotia were relatively large and very numer- 
ous, giving the entire surface of the culture a gritty appearance. With such 
latitude in the ultimate appearance of an isolate of Verticillium it is highly 
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probable that errors unwittingly have been made by previous workers in 
assigning a specific name to a given culture of the fungus. 


Taxonomic Relationships of Verticillium albo-atrum 


To fully appreciate the importance of cultural variability to the taxo- 
nomic problems that have arisen, it may be desirable to recall some of the 
controversies that have developed. The genus was erected in 1816 by Nees 
von Esenbeck (24). Corda (13) erected the genus Acrostalagmus in 1838 to 
accommodate a fungus, A. cinnabarinus, which was said to differ from Verti- 
cillium by forming its spores in heads at the tips of the conidiophore. Hoff- 
man (19), however, advanced proof in 1854 that no real difference exists in 
the manner in which the spores of the two fungi are produced or in the 
manner in which they unite in heads. In 1879, Reinke and Berthold (27) 
isolated a fungus from potato plants affected by a disease referred to at that 
time as ‘‘ Kriiuselkrankheit.’’ On the basis of Hoffman’s findings they re- 
ferred the organism they had just isolated to the genus Verticillium, calling 
it V. albo-atrum. In 1913 Klebahn (18) isolated V. dahliae from dahlia 
plants, and he believed it sufficiently distinct from V. albo-atrum to be en- 
titled to specific rank. Although, as Van der Lek (20) has pointed out, the 
difference between the two organisms in culture is very slight, a number of 
authors have accepted Klebahn’s species. 

In his paper Klebahn admits that certain of the morphological and ecul- 
tural characteristics by which he distinguished between his organism and 
V. albo-atrum are of little importance. The principal difference between 
them appears to be in the abundant production of true microsclerotia by V. 
dahliae and the complete absence of such structures in cultures of V. albo- 
atrum., 

Rudolph (28) refers to morphological changes in his cultures, and other 
workers (12, 20, 25) have reported changes in morphology, supposedly 
brought about by continued cultivation on artificial media. Also, Bewley 
(4) reports having isolated six strains of V. albo-atrum from plants suffer- 
ing hadromycosis, in which the amount of microsclerotia in culture varied, 
according to his standard, from 0 per cent to 100 per cent. 

The writer agrees with Rudolph’s (28) conclusions in regard to the tax- 
onomy of the species V. albo-atrum, and suggests that most of the ‘‘strains”’ 
and ‘‘forms’’ of the wilt organism are merely variants of the species albo- 
atrum and should be designated as such. For instance, Bewley’s (4) six 
strains of albo-atrum, as based on microsclerotial production, have their 
counterpart in the cultures the writer has selected from sectors of a mono- 
eonidial culture. All of the forms of van Beyma Thoe Kingma (6), based 
upon microsclerotial characters, appear to be represented in the cultures 
derived from a single conidium by the writer. 

Although most of the parental lines used in the present work had been 
in culture for many generations, the monoconidial progenies from several of 
them differed greatly in their cultural characters. Numerous observations 
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indicate that the changes frequently occur even in a single cultural genera- 
tion. The degree and frequency of these changes occurring in monoconidial 


cultures are presented in table 1. 


TABLE 1,—Cultural types occurring in monoconidial progenies of various isolates 
Verticillium albo-atrum and the effect of age upon the types obtained. Readings 
hleé cultures were 4 and 12 weeks old 


Distribution of monoconidial isolates among 


as Cuero four cultural types 

S Type Pte x A B C Total 
S X } B ) 24 7 37 
12 5 l 30 ] 37 
X 4 17 0 20 0 37 
12 17 0 2) 0 SY | 
( X t 7 8 18 0 33 
12 17 3 13 0 33 
t. | X 4 14 10 7 0) 31 
12 l 28 2 0 31 
Mis X t o 10 19 ) 34 
12 26 7 ] 0 34 
6. Mississipp A 4 0 75 0 0 75 
12 73 2 0 0 75 
7 Aan a RB 4 0 0 31 0 31 
12 0 0 20 1] 31 
Q Micsiaes ( 4 0 0 21 9 30 
12 9 0 19 9g 30 
( B 4 0 0 44 0 44 
12 28 0 16 0 44 


* Parent cultures 5 and 7 were monoconidial cultures; all others were obtained by 


> Cultural type X was microsclerotial plus mycelial; A was microseclerotial; B was 
ial; and C was appressed mycelial. 


Variation of type of growth increased as the age of the cultures increased. 
Thus, at the end of the 12-week period of growth, types within each group of 
progenies seemed to have increased. A striking example in this respect is 
the progeny of culture No. 6. All 75 isolates were microsclerotial when 
t weeks old, but at 12 weeks of age these same isolates had changed so that 


only two were microsclerotial and 73 were of the microsclerotial plus mycelial 


From these results it appears that while a particular type of culture 


tends to reproduce its type in its monoconidial progeny, there still exists a 


great diversity of form in these progeny cultures. Repeated selection to a 
type in laboratory cultures appears to reduce the number of variant types 
produced in the progeny 


Nature of Changes 


In general the microsclerotial plus mycelial type of culture will produce 
variants of all the four main types (Table 1). The microsclerotial type of 
lture generally produces variants of the fluffy mycelial and appressed 
mycelial types, whereas the fluffy mycelial type of culture generally pro- 
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duces variants of the appressed mycelial type. The appressed mycelial type 
of culture is relatively constant and does not usually produce variants, 
although occasional fluffy mycelial variants are produced. 

The patch variants which are produced most frequently by the micro- 
sclerotial type may occur at any place on the surface of the colony. The 
growth rate of the patch variants is very rapid and they tend to overgrow 
the original colony. Figure 3 shows a 5-days-old patch variant in a 3-weeks- 
old microselerotial colony. 

The exact nature of the changes given in table 1 is not definitely known. 
Hansen (16) attributed genetic changes in V. albo-atrum to heterocaryosis. 
The writer has found it difficult to ascertain the nuclear condition of conidia 
of V. albo-atrum, although numerous conidia produced in culture were 
stained with Delafield’s Hematoxylin, Crystal violet, Gentian violet, and 
‘‘Puelgen’s Nuclealreaktion.”’ 





Fig. 3. A 3-weeks-old tube culture of Verticillium albo-atrum, microselerotial type, 
with a 5-days-old patch variant. 

TESTING PATHOGENICITY OF THREE MAIN TYPES OF ISOLATES 

Pathogenicity of three of the main cultural types of V. albo-atruwm was 
tested on seedlings of a susceptible variety, Stoneville 2B, in the greenhouse. 
The cultural types used were the microsclerotial, the fluffy mycelial, and the 
appressed mycelial. 

For the test shallow tanks with nutrient solution similar to those used by 
Armstrong (1) in his infection studies of Fusarium wilt were used. The 
cotton seeds were planted in a thin layer of excelsior held in wire trays above 
the nutrient solution. The excelsior was just touching the nutrient solution 
so that it remained moist and the cotton germinated normally with the radi- 
cles penetrating the excelsior and screen support and entering the nutrient 
solution. At the first true leaf stage of these plants 30 ec. of undiluted spore- 
mycelium suspension of the Verticillium cultures were placed in each tank. 
The fungus was grown in a solution containing: dextrose, 15 gm.; MgSQ,, 
3 gm.; KH.PO,, 1 gm.; NH,NO,, 1 gm.; distilled H.O, 1000 ec. Twenty 
tanks were used, five for each of the three fungus types, and five for the non- 
inoculated checks. Approximately 60 plants were grown in each tank. 

The first wilt symptoms were apparent 14 days after inoculation, and 
final readings were made 24 days after inoculation (Table 2). The results of 
this test showed that the microsclerotial (A) type of culture was the most 
pathogenic, as it induced wilting and internal vascular discoloration of 50 


ya eee 
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per cent of the seedlings. Next in degree of pathogenicity was the fluffy 
mycelial (B) type of culture, which produced 8 per cent of infected plants. 
The least pathogenic culture was the appressed mycelial type (C), which 
induced only 4 per cent infection. None of the noninoculated plants wilted 
or had internal vascular discoloration. An analysis of variance of the total 
wilt and total infection data transformed to sin? (because the data were ex- 
pressed as percentages) showed a highly significant difference in patho- 
genicity between type A and types B and C. On the basis of total wilt in- 
duced, types B and C did not differ significantly from the check. On the 
basis of total infection, type B approached statistical significance but was not 


different from th pe C or the cheek. 


ABLE 2 Results of noculations with three cultural fypes (A, B, and C of 
albo-ati n Stoneville 2B cotton growing in the greenho: Ne ; 
Average number of plantsa Percentage of 
, plants 
Total - 
With number 
In each internal plants 
re pliea Wilted diseolora infected» Wilted Infeeted 
tion tion but 
not wilted 
\. Miecroselerotial 57.4 21.8 7.0 144 OS 51.4 
B. Fluff celial 59.6 4 3.4 24 Zab 8.4 
( Appressed mvyeelial 58.0 0.02 Ai 12 () iz 
d checks 56.6 0.00 0.0 () 0 0.0 
N rs are erages for 5 replicates. 
\ nd of the experiment all of the plants were cut and examined for internal 
scoloration. Those with external symptoms were counted as wilted. The wilted plants 
s thos th internal discoloration were counted as infected. 


The rate of wilting caused by the three types also differs greatly. Plants 
lated with type A began wilting 14 days after inoculation; with type 


6, 19 days after inoculation; and with type C, 21 days after inoculation. 


The differences in pathogenicity among the three types of cultures may 
not necessarily be associated with the ability of the fungus to penetrate the 
host plant, but rather with the phenomena involved in producing wilt. 
Opinions are divided as to the cause of wilt in plants affected by Verticillium. 


Some workers consider that toxins, secreted in the sap stream by the parasite, 
are responsible for the symptoms. Others believe that wilt is caused by the 
plugging or clogging of the vessels in the plant by fungus mycelium or by 
tyloses produced by the plant in response to fungus invasion. Experimental 
evidence to support the many theories regarding the nature of wilt is lacking. 
According to Rudolph (28), severely affected plants may have very few 
ungus hyphae in their vessels, whereas plants with only mild symptoms may 
have their vessels congested with hyphae of the parasite. 


VARIETAL SUSCEPTIBILITY 


Most of the commercial varieties of Upland cotton (Gossypium hirsutum) 


ypear to be susceptible to Verticillium wilt, whereas varieties of Egyptian, 
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Pima, Sea Island, and the South American cottons (G. barbadense) have a 
high degree of resistance or tolerance to the disease (17, 23). 

Since Verticillium wilt cannot be controlled by cultural practices, or by 
the use of fertilizers or soil amendments, the most practical method of control 
is the development of disease-resistant varieties. Although this is not a 
simple task, some progress has been made in this direction. 

In Arizona the writer grew 18 varieties of cotton in Verticillium-infested 
fields. The wilt ratings were as follows: resistant—Acala 1-1-7, Coker 4 in 1, 
Hartsville, Hopi M, and S x P; slightly susceptible—Dixie 14-5-2, Harrison’s 
Aecala, Hopi S, and Meade x Hartsville ; susceptible—Missdel; very suscepti- 
ble—Cook 307, Columbia x Hartsville, Durango, Half and Half, Kekchi, 
Rowden 2088, Sikes Wilt Resistant, and Stoneville 5. 

In California, Rudolph and Harrison (29) by selection have developed 
fairly resistant strains of Cook 307-6, Mexican Big Boll, Kekchi, Tuxtla, 
and Missdel. Leding at the United States Field Station, Las Cruces, New 
Mexico, also has developed by selection a locally adapted, resistant strain of 
Acala from Stroman’s Acala 1517. 

In 1944 several of the more popular commercial varieties of cotton grown 
in Mississippi were tested at Holly Springs, in a field rather uniformly in- 
fested with the wilt fungus, and all were susceptible to wilt. Since none of 
the locally adapted varieties in the test was resistant to wilt it was considered 
advisable to collect and test varieties not originating in Mississippi and not 
locally adapted. The collection included the most resistant varieties and 
selections from the United States Field Stations at Sacaton, Arizona; Shaf- 
ter, California; and Las Cruces, New Mexico. Some of the selections from 
Arizona were from varieties tested by the writer in 1940. Since 1940 the 
testing has been continued by other workers in Arizona and selections have 
been made that appear to be promising as a source of breeding material. The 
varieties and selections collected were tested at Holly Springs in 1946 and 
rated as follows: resistant—Amsac, Earlipima, Hartsville, and Sx P; sus- 
Acala 1517, Aecala 1-1-7, and 


Stoneville 2B x Aecala 1517. It was evident that varietal reactions are not 





ceptible—Acala W29-1; very susceptible 


always consistent from one locality to another. The varieties Sx P and 
Hartsville were resistant in previous tests in Arizona and also resistant in 
the Mississippi test. On the other hand, Acala 1-1-7 was resistant in Arizona 
but was very susceptible in Mississippi. Acala W29-1, a selection from Acala 
1517, was resistant in New Mexico but was susceptible in Mississippi (Fig. 
4). 

The apparent differences in wilt resistance of cotton may be due to the 
effect of environment on the host plant, the effect of environment on the 
pathogen, or to genetic differences in the pathogen. It has been shown that 
cotton varieties react differently to wilt under different environmental con- 
ditions and it has also been demonstrated that several cultural types occur 
in the pathogen V. albo-atrum and that these types differ significantly in 
pathogenicity to cotton (Table 2). Work on breeding for disease resistance 
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is under way in Mississippi, using Hartsville in a back-cross program in an 
attempt to transfer the resistance of Hartsville to the locally adapted Upland 
varieties such as Stoneville 2B, Coker 100 Wilt, and strains of Delta and 
Pine Land. 
DISCUSSION 

Field observations have convinced the writer that Verticillium is present 
in the virgin soils of many areas in Arizona. Why the fungus is present and 
how it maintains itself in the soil is a matter of conjecture. It is entirely 
possible that certain of the native desert plants are susceptible to Verticil- 


lium and that conditions favorable to growth and infection occur occasion- 


ally. During unfavorable periods the fungus may be able to maintain itself 





Fic. 4. Reactions of four cotton varieties to Verticillium wilt in Mississippi. Left 
o right: Acala W29-1, resistant in New Mexico but susceptible in Mississippi; Acala 
1-1-7, resistant in Arizona but susceptible in Mississippi; Hartsville 7, resistant in 
Arizona and also resistant in Mississippi; Stoneville 2B x Acala 1517, from a cross made 
in Arizona and susceptible in Mississippi. 


by its resting microsclerotial stage. On the other hand, it is possible that 
the fungus is harbored on the root surfaces of resistant plants during un- 
favorable periods. Since Verticillium occurs in virgin soils in Arizona it is 
reasonable to suppose that it also occurs in a similar manner in other States 
where the disease is a problem. 

The species V. albo-atrum is composed of not one, but many biotypes 
which differ greatly from one another in cultural characters when grown on 
nutrient media. Some produce microsclerotia, others only mycelium. More- 
over, some of the isolates are very unstable and frequently give rise to vari- 
ants. Most of the variants are of the mycelial type. It was also demonstrated 


that some of the isolates differ greatly in pathogenicity. The fact that there 
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are pathogenic races of V. albo-atrum and that the different cultural types 
differ strikingly in pathogenicity is of practical significance, particularly 
when testing varieties of cotton under artificial conditions. 

The existence of many biotypes of V. albo-atrum is of importance to 
mycologists as well as to plant pathologists. The writer believes that the con- 
cept of species of V. albo-atrum must embrace at least all of the biotypes re- 
ported in order that errors of identification may be avoided. In working 
with the disease caused by Verticillium it is desirable to know the variability 
of the species and the capabilities of the biotypes within the species in at- 
tempting to interpret the pathological phenomena. This knowledge is im- 
portant, also, in breeding for wilt resistance in cotton. 

Field tests in Arizona and Mississippi proved that not all varieties of cot- 
ton react the same in the two localities. Thus, Acala 1-1-7 and Hartsville 
were resistant in Arizona, but in Mississippi Acala 1-1-7 was very susceptible 
and Hartsville was highly resistant. The reason for this difference in resist- 
ance is not known but the results of greenhouse tests indicate that it could 
result from the prevalence of different biotypes of V. albo-atrum. 

Since locally adapted varieties of Upland cotton which were tested in 
Mississippi were not resistant to Verticillium wilt, other varieties not locally 
adapted and originating from different sections of the United States were 
collected and tested in Mississippi. From this collection one variety, Harts- 
ville, was found to have a high degree of resistance to wilt in Mississippi. 
Hartsville is not locally adapted and is not so desirable commercially as cer- 
tain other varieties such as Coker 100 Wilt, Stoneville 2B, and strains of 
Delta and Pine Land. A breeding program has been started in Mississippi in 
which Hartsville is being used in an effort to obtain wilt resistance by the 
back-cross method. The locally adapted commercially desirable varieties are 


being used as the recurrent parents. 
SUMMARY 


Studies are reported on Verticilliam wilt of cotton caused by V. albo- 
atrum, including symptoms, the occurrence of the pathogen in virgin soils, 
the effect of fertilizers and soil amendments on the development of the dis- 
ease, laboratory studies on the variability of cultures, pathogenicity of the 
three main cultural types, and varietal susceptibility. 

V. albo-atrum has been demonstrated in virgin soils where no cultivated 
crops have been grown. Fertilizers, particularly those high in nitrogen, seem 
to promote the development of the disease. The percentage of wilt on the 
fertilized plots increased as the amount of nitrogen was increased. On the 
other hand, when the amount of potash was increased the percentage of wilt 
decreased. 

V. albo-atrum consists of numerous biotypes which differ greatly on nu- 
trient media. Most of the isolates fall into four main cultural groups, desig- 
nated as X, A, B, and C. Type X is the normal type usually isolated from 
diseased plants and consists of abundant mycelium and microsclerotia which 
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give the colony the typical black and white appearance of V. albo-atrum. 
Type A consists almost entirely of microsclerotia and the colony is black or 
dark gray. Type B consists of fluffy white mycelium with no microsclerotia. 
Type C consists of appressed white mycelium with no microsclerotia. 

Pathogenicity was associated with cultural type. Thus, isolates of type A 
were very virulent while those of types B and C were weakly pathogenie on 
a susceptible variety of cotton. 


All Upland varieties of cotton tested in wilt-infested soil of Mississippi 


vere very susceptible, except Hartsville which had a high degree of resist- 
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A CROTALARIA MOSAIC AND ITS TRANSMISSION BY APHIDS: 
D. D. JENSEN? 
Accepted for publication November 5, 1949 


A mosaic disease of C'rotalaria was first reported from Hawaii in 1931 

f Similar diseases have been recorded from Virginia (5), Puerto Rico 
1), Trinidad (2), India (6), and Japan (3). Diseases designated as 
crinkle and witch’s broom of Crotalaria have been reported from Java (7). 
The mosaie diseases occurring in Virginia, Puerto Rico, Trinidad, and 
India are reported to be juice-transmissible. It appears probable that the 


diseases occurring in different parts of the world are caused by more than 


one virus despite the fact that their reported symptoms are very similar. 
Mosaie virus of sann-hemp (Crotalaria juncea Linn.) in Trinidad was trans- 
mitted to cowpea in which it produced symptoms of cowpea mosaic, and 
cowpea mosaic virus produced typical Crotalaria mosaic symptoms in C, 


uncea, The mosaic virus of C. juncea of Delhi, India, however, failed to in- 
fect cowpea and the cowpea mosaic occurring at Delhi failed to infect 
a a 

The writer has found no published record of insect transmission of a 
Crotalaria virus. In 1945 and 1946 mosaic was common in Crotalaria in- 
cana Linn. throughout much of its range on the island of Oahu, T. H. 
During June and July, 1946, experiments were conducted at the University 
of Hawaii which demonstrated that Crotalaria mosaic in Hawaii is readily 
transmissible by means of aphids. The writer’s departure from Hawaii 
shortly thereafter terminated the investigation except for an experiment on 
seed transmission. Since the host range and properties of the virus were 


not studied, the identity of the virus is still unknown. 


INSECT TRANSMISSION 


Insect vector tests were conducted with two species of aphids, Aphis gos- 
sypli Glover and Myzus persicae (Sulzer). The melon aphid, A. gossypu, 
frequently breeds on Crotalaria in the field in Hawaii. M. persicae repro- 
duced on Crotalaria in cages in the greenhouse, but has not been collected 
from this host in the field. 

The test insects were reared in the greenhouse, Myzus persicae breeding 
on pak choi (Brassica chinensis L.) and Aphis gossypii on cucumber. 
Aphid populations were transferred from pak choi and cucumber to dis- 
eased Crotalaria incana by detaching aphid-infested leaves and placing 
them on the inoculum plants. Transfer of aphids from inoculum to the 


healthy test plants was made by means of a camel’s-hair brush. 


writer acknowledges his gratitude to Mr. T. Nishida, of the University of 


Hawa for furnishing the photographs used in this paper. 
Formerly Assistant Entomologist, University of Hawaii. Now Assistant Professor 
Entomology and Assistant Entomologist, University of California, Berkeley, Calif. 
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Crotalaria mosaic virus was introduced into the greenhouse initially by 
transferring undetermined numbers of Aphis gossypii from diseased Crota- 
laria incana plants in the field to healthy seedJings in the greenhouse. The 
aphids had not been caged on the field plants but occurred as a natural 
infestation. All inoculum plants subsequently used as virus source for the 
tests reported in this paper were kept in the greenhouse and had developed 
advanced symptoms of the disease at the time the test aphids were placed on 
them. 

In a greenhouse test a large population of Myzus persicae was placed on 
a diseased Crotalaria plant for 24 hr. Fifty apterous and five alate aphids 
were then transferred to each of 11 Crotalaria incana seedlings 10-12 in. in 
height growing in 1-qt. cans. The aphids were left on the test plants for 
3 days. Of the 11 plants tested, six (54.5 per cent) developed disease 
symptoms. 

Under the same conditions 30 Aphis gossypu per plant infected 13 (92.8 
per cent) of 14 plants inoculated. Ten control plants remained healthy. 

A single experiment was conducted with 12-in. Crotalaria incana seed- 
lings growing in an open field. Seventy-five Aphis gossypu, after 18 hr. on 
inoculum, were caged on each of 8 plants. All of the test plants developed 
mosai¢ symptoms. Numerous control plants remained healthy in the field. 

These tests, although limited in number, suggest that Aphis gossypu 
may be a more efficient vector of Crotalaria mosaic virus than in Myzus 


pe rsicae ‘ 
SYMPTOMS 


The first symptoms of the disease appeared in greenhouse plants in 
from 6 to 10 days after inoculation, with an average of 8 days. Plants 
growing in the field at the time of inoculation developed symptoms in 5 days. 

The disease symptoms described below were based on tests with Crota- 
laria incana. Mosaic symptoms also occur on C. mucronata Desv. in the 
field, but this species was not experimentally infected. 

The first symptom of Crotalaria mosaic appears as clearing along the 
veinlets and lateral veins of the youngest terminal leaves (Fig. 1, A) 5 to 
10 days after inoculation. Four days later much of the interveinal tissue 
of newly developing leaves appears lighter green than normal. Concur- 
rently, expanding axillary leaves are smaller than normal and show clear- 
ing along the veins and throughout some of the interveinal tissue. At this 
stage (approximately 5 days after first symptoms) the abnormally light 
green color of some newly diseased axillary and terminal leaves is broken 
by small islands of dark green tissue. The number of such spots varies 
from one to several per affected leaflet. 

Within 6 to 9 days after first symptoms appear, the newly developing 
terminal and axillary leaves are only one-half normal size. Some of the 
leaves are lighter green than normal throughout, except for a dark green 
area adjacent to the basal two-thirds of the mid-vein. New leaves expand- 
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ing at this time are abnormal in form with puckered or blisterlike areas be- 
tween the lateral veins and with the leaf margin irregularly rolled (Fig, 

Within 2 weeks after the onset of symptoms all young leaves on diseased 
plants have conspicuous patches of light and dark green tissue in the leaf 


blade, which is dwarfed and malformed. Typically the mid-vein area and 


h of the basal portion of the leaf is dark green at this stage with the 
hare nal revlions licht oreen. Leaves subsequently produced show wide 
diversity in the pattern of the light and dark areas. 





é 
~<a 
Fic. 1. Crotalaria incana showing diseased and normal foliage. A. Veinlet clearing 
leaves, the first symptom of mosaic. B. Leaf showing mottle symptom and ir 


gularly rolled margins. C. Stunted foliage showing mottled, malformed leaves charae 
ris f advaneed stages of Crotalaria mosaic. D. Normal nondiseased foliage. 


As the disease progresses the leaves become more stunted and distorted, 


some a 


ypearing filiform and rolled (Fig. 1, C). The internodes become 


shortened and the plant as a whole is dwarfed. Axillary growth is abnor- 


mally stimulated, resulting in a bushier than normal plant. 











vl 
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SEED TRANSMISSION TESTS 


Seeds collected from diseased Crotalaria incana and C. mucronata were 
germinated in the greenhouse at the University of California at Berkeley. 
Of 1600 seeds of each species planted, 15 per cent of mucronata and 12 per 
cent of incana germinated. None of the seedlings developed mosaic symp- 
toms 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 
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PHYTOPATHOLOGICAL NOTES 


Tobacco Streak Virus in Sweet Clover.'| STEPHEN DIACHUN AND W. D. 
VALLEAU. It has been known for some time that sweet clover is a natural 
host of the tobacco streak virus.” In March, 1945, streak was transmitted 
from 13 of 105 second-year sweet-clover plants collected at random in 
north-central Kentucky where streak in tobacco is prevalent and sweet 
clover is common. Transmission from tobacco to sweet clover or from 
sweet clover to sweet clover has been difficult. Berkeley and Phillips re- 
ported transmission in a small number of cases by grafting.* Recently 
l’ulton listed yellow and white sweet clover as susceptible to streak.‘ 


[Inoculum prepared by crushing young leaves of vigorous chronically 


diseased plants of Nicotiana rustica with Na2HPO, usually produces 


10 


numerous local lesions on tobacco and on N. rustica.” However, when such 
inoculum was rubbed onto leaflets of sweet clover, inoculations at first were 
not successful. Later, when younger leaves of sweet clover seedlings were 
rubbed with inoculum, a moderate percentage of plants became systemically 
infected. In one test (April 17, 1948), two or three of the youngest leaves 
of 75 potted plants 6 weeks old were dusted with carborundum and rubbed 
with the liquid squeezed out (through cheesecloth) from young leaves of 
NasHPO,. Within 2 days 


4 


10 


local symptoms were present on rubbed leaves of 19 plants; within 4 days, 


N. rustica, crushed with an equal volume of 


on 57 plants. Systemic infection was first evident 13 days after inocula- 
tion. Sixteen days after inoculation 6 plants were systemically infected; 
20 days after inoculation, 25 plants ; and finally, 27 of the 71d plants were 
so infected. 

In a second test (November 3, 1948) of 99 plants 6 weeks old with two 
or three youngest leaves inoculated, 24 became systemically infected. 

[In a third test (April 20, 1949), two or three youngest leaves of 120 
seedlings 4 weeks old were inoculated; the stems of 60 of these plants were 
also dusted and rubbed. Lesions developed on the rubbed leaves of 117 
plants within 5 days. Systemic infection was first seen 10 days after in- 
oculation. Eventually 36 plants became systemically infected—23 of those 
inoculated on leaves and stems, and 13 of those inoculated on leaves only. 


The symptoms of streak in sweet clover have not been described in de- 


he investigation reported in this paper is in connection with a project of the 


Kentucl Agricultural Experiment Station, and is published by permission of the 
1) 

Valleau. W. D. Sweet clover, a probable host of tobacco streak virus. Phytopath. 
}0: 438-440 1940 


Berkeley, G. H., and J. H. H. Phillips. Tobacco streak. Canadian Jour. Rep. C, 


21: 181-190 1943. 


* Fulton, Robert W. Hosts of tobacco streak virus. Phytopath. 38: 421-428. 1948. 
Diachun, Stephen, and W. D. Valleau. Nicotiana rustica as a source of tobacco 
streal rus Phytopath. 40: 128-134. 1950. 
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tail. Berkeley and Phillips described symptoms on field plants brought 
into the greenhouse: *‘two of these plants became severely stunted with 
leaves ruffled and a ring type of mosaic mottling. Later a mild necrotic 
spotting developed on the younger leaves which were slightly paler at the 
base.”’ One of several sweet-clover seedlings inarched to streak tobacco 
plants developed *‘a yellow spot and ring mottle, followed by systemic ne- 
crosis suggestive of streak, but all efforts to transmit it back to tobacco 
failed.’’ 

Fulton apparently did not consider sweet clover a sufficiently impor- 
tant host to deserve detailed discussion in his report. In Kentucky, streak 
in tobacco is restricted largely to areas where sweet clover is common in 
fields, in fence rows, and along roadsides. Since sweet clover is an impor- 
tant natural host in Kentucky, it appears to merit more detailed descrip- 
tion. 

On some rubbed leaves the local lesions (Fig. 1, A) were striking; on 





C 


Fig. 1. Tobacco streak virus symptoms in imoculated sweet clover. A. Local lesions 
on rubbed leaf. B. First stage of systemic infection. C. Later stages of systemic ‘n- 
fection. 


others vague. They consisted largely of chlorotic spots 1 or 2 mm. in diam- 
eter, often with a small necrotic center; some necrotic spots and small ne- 
erotic rings also occurred. Where the chlorotic spots were on the veins 
the chlorosis often extended along the vein. At times two or more sepa- 
rate chlorotic spots on a vein fused, causing the greater portion of the vein 
to be banded with yellow. 

In the initial stage of systemic infection the symptoms developed in the 
one, two, or three youngest leaves of the main branch or of lateral shoots 
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Fig. 1, B). The symptoms were somewhat similar to those on rubbed 
leaves; i.e., chiefly chlorotic spots up to 1.5 mm. in diameter with tiny 
necrotic centers. In some cases the main portion of the spot was necrotic 
with just a narrow chlorotic border or halo. Along veins chlorotic spots 
were usually elongate. Often a leaflet was twisted toward one side when 
a chlorotic or necrotic spot of some size occurred on or near the margin. 
Sometimes a leaflet was bleached, apparently because of the coalescence of 
many tiny necrotic spots that became white. At times one or more leaflets 
were killed. At this stage plants grew slowly and appeared dwarfed. 

After the first systemic symptoms the newly formed leaves were some- 
times dwarfed, sometimes pinched, and often chlorotic in large yellow areas 
or numerous vellow specks. Usually the leaflets were mildly chlorotic, or 
faintly and mildly mottled, often with irregular margins (Fig. 1, C). 

Streak symptoms on sweet clover have not yet been recognized in the 
field. In the greenhouse streak symptoms can be distinguished readily 
from the symptoms of common sweet-clover virus (yellow bean mosaic) 
and from those of another unidentified sweet-clover virus.—Kentucky Agri- 


cultural Experiment Station, Lexington, Kentucky. 


Effect of Hot-Water Treatment on Emergence of Spring Barley and 
Control of Brown Loose Smut.’ L. A. ScHArer and E. D. Hanstne.? Brown 
loose smut (Ustilago nuda) (Jens.) Rostr. has been a limiting factor in satis- 
factory production of barley in Kansas.* During the last six years the av- 
erage losses due to this disease have been more than 5 per cent. Fields of 
barley with losses of 10 to 30 per cent have been common. 


Jensen‘ first demonstrated that brown loose smut could be controlled by 
the modified hot-water treatment. This treatment has been recommended in 
Kansas° for the control of this smut. During the last 15 vears, however, dif- 
‘erences have been observed in different farmers’ samples in the percentage 
emergence and control of smut when the seed was treated by this method. 

Since variation has occurred at different times, an extensive uniform ex- 
periment was conducted to determine the effect of the hot-water treatment 
on emergence of five spring barley varieties from 12 stations in central and 
western United States 

Spring barley varieties used in this experiment were Atlas 46° (CI. 


ition No. 502, serial No. 403, Department of Botany, Kansas Agricultural 

ent Station, Manhattan, Kansas. 
(Assistant Professor, Kansas State College, and Plant Pathologist, Kansas Agrieul- 
Experiment Station, respectively. The writers wish to express their appreciation 
to Dr. G. A. Wiebe, Senior Agronomist, U. S. Department of Agriculture, for his assist- 


taining the barley samples used in this experiment. 
E. D. Hansing, C. O. Johnson, L. E. Melchers, and H. Fellows. Kansas Phytopatho- 
9 Notes: 1948 Trans. Kans. Aead. Sei. 52: 363-369. 1948. 
J.L. Jensen. The propagation and prevention of smut in oats and barley. Jour. 
R \or. Soe. England 24: 397-415. 18838. 
L. E. Melehers. Smuts of cereal and forage crops in Kansas and their control. 
Kans. Agr. Exp. Sta. Bul. 332. 1948. 


numbers of Atlas and Flynn will be omitted subsequently in this 


nese selection 
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7323), Beecher (C.I. 6566), Feebar (C.1. 7260), Flynn 1° (C.1. 5911), and 
Spartan (C.I. 5027). Seed samples of each variety were received from the 
Great Plains Uniform Spring Barley Nursery at each of the following ex- 
periment stations: Hays and Colby, Kansas; Lincoln and North Platte, Ne- 
braska; Akron, Colorado; Highmore, South Dakota; Dickinson, North Da- 
kota; Laramie, Wyoming; Moccasin, Montana; American Falls, Idaho; 
Moro, Oregon; and Lind, Washington. The seed was harvested at the sta- 
tions in 1947 and then used in this experiment at Manhattan, Kansas, in 


1948. 
Data on the weight and moisture content of the seeds were taken immedi- 
ately preceding the treatment (Table 1). To determine the moisture con- 


TABLE 1.—Presoaking periods and average weight, moisture, germination, emerg- 
ence, and smut in five spring barley varieties from 12 experiment stations in central and 
western United States. Manhattan, Kansas, 1948 


Percentage 


— Weight in Laboratory Field 
Variety ne ja 8 grams of ————— — 
ine 100 seeds : Germina- 
Moisture ; Emergence Smut 
tion 

Atlas Untreated 3.7 8.8 95 88 3.9 
3 hr. 84 0.5 
5 hr. 63 0.0 
Feebar Untreated 3.4 8.7 98 92 1.9 
3 hr. 89 0.6 
5 hr. 85 0.0 
Flynnb Untreated 3.9 8.9 94 91 3.1 
3 hr. 86 0.8 
5 hr. 82 0.1 
Beecher Untreated 4.2 8.7 96 90 10.1 
3 hr. 83 0.8 
5 hr. 61 0.0 
Spartane Untreated 4.0 8.7 95 89 2.7 
3 hr. 81 0.9 
5 hr. 71 0.0 


a The 3- and 5-hr. presoaking periods were followed by the hot-water treatment. 
» Eleven stations only, no Flynn from Colby, Kansas. 
¢ Eleven stations only, no Spartan from Akron, Colorado. 


tent, an extra lot of seed was weighed, placed in a dry air circulating oven at 
104° C. for 48 hr., then removed and weighed immediately to determine the 
loss of weight. 

One portion of the sample of each variety from these 12 stations was pre- 
soaked in tap water for 5 hr. Another portion was presoaked for 3 hr., and 
the third portion of the barley sample was left untreated for the control. 
All of the presoaked samples then were treated with hot water at the same 
time for uniformity between stations and varieties. The seed lots were 
placed in a hot-water bath of 120° F. for 2 min. for tempering the seed. This 
was followed by the critical hot-water treatment at 126° F. for 13 min. The 
samples next were placed in tap water for 2 min. and finally spread out to 
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dry. Four replications of 150 seeds for each treatment of the five varieties 
from the 12 stations were planted in randomized 8-ft. rows in the nursery, 

Considering the 12 stations as a whole, the 5-hr. presoaking period caused 
the greatest injury to Beecher, with a reduction in emergence of 33 per cent 
as compared with the untreated sample (Table 1). This treatment reduced 
the emergence of Atlas 28 per cent and Spartan 20 per cent. Flynn and 


l’eebar were injured the least, with a reduction in emergence of 9 and 7 per 


‘ent, resp ctivels 
There was great variation amone the seed lots from the different stations 


u regard to percentage of emergence following the hot-water treatment. 
The average pereentage reduction in emergence for the 5-hr. presoaking for 
the five varieties ranged from 50 per cent for Lind, Washington, to only 7 
per cent for Highmore, South Dakota. At Lind, the variety Atlas showed 
the greatest injury with emergence being reduced from 86 to 11 per cent. 
There was no apparent correlation between the degree of injury and the 


veight or moisture content of the seed at the time of treatment. 

The barley samples from Hays, Kansas, and Lincoln, Nebraska, averaged 
12.5 and 11.4 per cent smut, respectively. The samples from Colby, Kansas; 
North Platte, Nebraska; Highmore, South Dakota; Dickinson, North Da- 

ota; Akron, Colorado; and Laramie, Wyoming, had a moderate amount of 
vith average infections from 6.9 to 2.7 per cent smut. The samples 
from American Falls, Idaho: Moccasin, Montana; Moro, Oregon; and Lind, 
Washington, averaged 0.2 per cent or less smut. The variety Beecher had 
the highest percentage of smut infection. Beecher from Hays, Kansas, and 


from Lincoln, Nebraska, had 28 per cent and 82 per cent smutted heads, 


The 3-hr. presoaking treatment, followed by the hot-water treatment, re- 
duced the amount of smut below that of the untreated samples by 92, 87, 74, 


68, and 67 per cent, respectively, in Beecher, Atlas, Flynn, Feebar, and 


‘he 5-hr. presoaking period followed by the hot-water treatment was ef- 


ective in the control of smut except for samples of Flynn from Lincoln, 
Nebraska, and Dickinson, North Dakota, where the infections were reduced 


from 10.7 to 0.4 and from 1.4 to 0.2 per cent, respectively. 


(food control of brown loose smut was obtained with the 5-hr. presoaking 
period followed by the hot-water treatment. There were, however, marked 
differences among varieties of barley and in the same barley variety grown 
at different stations, in injury to the seed and subsequent reduction in emer- 

ent Different weather conditions prior to harvesting and injury to the 
seed during threshing were important factors in causing these variations. 
I 
Dickson’ and Tapke® noted that variety, season, and location influenced the 
J es G. Dickson Diseases of field crops. 429 pp. MeGraw-Hill Book Company, 
Inc., New York. 1947 
V. F. Tapke Effects of the modified hot-water treatment on germination, growth, 


heat. Jo Agr. Res. [U.S.] 28: 79-98. 1924. 
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amount of injury to barley and wheat seed treated by the modified hot-water 
method. These factors complicate the practical control of brown loose smut 
in susceptible varieties of barley. The ideal control of this smut would be 
breeding and distribution of resistant varieties—Kansas Agricultural Ex- 
periment Station, Manhattan, Kansas. 


Fungi Recovered from Seed of Sorphum vulgare Pers. Dovuetas C. 
Barn. The recent paper by Ciccarone' on the occurrence of the zonate leaf 
spot of sorghum in Venezuela carries the implication that the casual organ- 
ism, Gloeocercospora sorghi Bain and Edg., came into that country on seed 
produced in the United States. That the fugus occurred in seed and glumes 
of sorghum was pointed out in the paper in which G. sorghi was described.? 
Since other fungi were isolated at the same time,’ it is thought the results 
might be of interest in connection with studies of sorghum and seed-borne 
diseases. 

Seed from four separate lots were soaked in alcoholic-mereurie chloride 
for 2 min., rinsed in calcium hypochlorite, and then placed in bean agar. 
The plates were incubated at room temperature (approximately 25° C.) for 
8 to 10 days. One lot was from Louisiana plants known to be heavily in- 
fected with G. sorghi; the other three lots were from Texas, Tennessee, and 
Mississippi plants, the disease history of which was unknown. Seed of the 
Louisiana lot were collected in the fall of 1940, and three separate portions 
were plated ; one immediately after collection, one in the spring of 1941, and 
another in the spring of 1942. The number of colonies of Gloeocercospora 
recovered at each plating of the Louisiana lot is given in table 1. It is 


TABLE 1.—Colonies of Gloeocercospora obtained in culture from surface-sterilized 
seed from infected sorghum plants. Louisiana material collected fall of 1940 


a No. of seeds No. of colonies Percentage of 
t eS € | . . 

; ’ plated recovered infected seeds 
Fall 1940 574 15 2.61 
Spring 1941 300 28 9.33 
Spring 1942 100 4 4.00 


possible that a number of infected seeds were overlokoed in the 1940 platings 
because in the later platings it was observed that the fungus sporulated 
on the seed but had not grown out into the agar—hence a percentage of in- 
fected seed lower than that of the 1941 plating. As expected, the per- 
centage of infected seed in the 1942 plating was lower than that of the 1941 
plating. Other fungi recovered from the Louisiana seed were Acrothecium, 
Phoma, Fusarium, and Chaetomium. No count of these fungi was made 


1Ciecarone, Antonio. Zonate leaf spot of sorghum in Venezuela. Phytopath. 39: 
760-761. 1949. 


2 Bain, D. C., and C. W. Edgerton. The zonate leaf spot, a new disease of sorghum. 
Phytopath. 33: 220-226. 1943. 
Bain, Douglas C. Leaf diseases of sorghum. Unpublished dissertation for the 


Ph.D. degree, Louisiana State University. 1943. 
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but they were abundant in the first two platings. These results indicated 
fungi were well established within the seed and were capable of 
existing in a viable condition for at least 18 months. 
f‘rom the Tennessee and Mississippi seed lots the following fungi were 
eovered in culture: Acrothecium, Helminthosporium, Alternaria, Fusa- 
rum, Penicillium, and Hormodendron. Counts of these fungi were not 
made because at the time interest was solely confined to Gloeoce rcospora 
vhich, incidentally, was not recovered from seed of these lots. 
A more varied fungus flora was recovered from Texas seed, and counts 


} made of the number of colonies representing the various genera 


—— P - 
lab ‘ Gloeocercospora was not recovered. 
LBLI Fune vvered from surface-sterilized sorgh um seed from Texas. 
( if 
Number of Number of 
g colonies Fungi recovered colonies 
from seeds@ from seedsa 
{ »thecium 8 Cladosporium l 
f ria SU Fusarium 94 
{spergillus, brow 30 Helicosporae l 
{ gree! 12 Helminthosporium 2 
{sp villus, vellow 2 Rhizopus 6 
Chaetomella 4 Sordaria ] 
Ul 4 ys Unidentified & 
nstances were two different fungi recovered from one seed. 


Although Phoma was not identified to the species, it is of interest to 
note that P. insidiosa has been reported* as causing a disease of sorghum and 
that the fungus was originally deseribed on sorghum seed from Abyssinia. 
A disease identified as the Phoma leaf spot of Koch and Rumbold occurs in 
Louisiana Acrothecium was not identified to the species, but A. lunatum 


has been reported as causing a disease of sorghum in Ceylon’ and in 


Africa lerothecium was also isolated from diseased leaf tissue of sorghum 
grown in Louisiana The species of Helminthosporium recovered from 
three of the seed lots were not identified except negatively; i.e., none was 


H. turcicum.—Truck Crops Branch Experiment Station, Crystal Springs, 
Mississippi 


Heat Banding of Crested Wheatgrass Seedlings. G. W. Bruesu. A 
specific type of damage to crested wheatgrass (Agropyron cristatum (L.) 
Beauv.) seedlings was observed in the greenhouse during March and April, 
1949. The leaf blades of many seedlings were broken over at a point of 
severe local necrosis (Fig. 1, b). This fragile neerotie area was bleached 

Caroline Rumbold. Phoma on sweet sorghum. Phytopath. 
Plant sts | diseases in Ceylon. Tropical Agr. 57: 192-194. 1921. 
G. B. Mycological work. Ann. Rept. Dept. Agr. Tanganyika Territory. 
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white. The vascular elements, however, were functional since the acropetal 
portion of many blades remained green. Closer examination of still up- 
right blades revealed bands of discolored chlorenchyma (Fig. 1, a) similar 
to the banding of cereal seedlings figured by Vanterpool.t These areas 
varied from reddish to purplish and ranged from no apparent shrinkage 
of the damaged zone to conspicuous atrophy. These necrotic zones were 


wees tam 

















Fig. 1. Blades of crested wheatgrass seedlings showing moderate damage, with 
bleaching of chlorenchyma (a) and severe heat banding and breaking over (b). 


generally observed about one centimeter above the soil line. On leaf blades 
with two zones, an interval of one or occasionally two centimeters separated 
the two. Apparently the leaf blade achieved some growth between exposures 
to a factor causing injury, presumably at the soil surface. 

Microorganisms were presumably eliminated as the etiologic agent, since 
isolation attempts from the necrotic zones were negative, and since the 
malady was equally severe on chloropicrin-treated and nontreated soils. 

Low soil moisture greatly aggravated the malady. Three moisture levels, 


namely, 30, 40, and 50 per cent of the moisture-holding capacity of the soil,” 


1 Vanterpool, T. C. Chlorotic banding of cereal seedlings. Sci. Agr. 29: 334-339. 
1949. 

2 Riker, A. J., and Regina S. Riker. Introduction to Research on Plant Diseases. 
117 pp. (Planographed. St. Louis. 1936. 
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were included in the study. At first seedlings emerging from the dry series 
were badly damaged, while those in more moist soils escaped. As sueces- 
sive warm days occurred the damage was aggravated in the low moisture 
series. Collapsed blades and discolored zonation were observed at the higher 
moisture levels, but apparently either high plant vigor or lowered soil tem- 
perature at the upper moisture levels greatly reduced the severity of the 

It was concluded that excessive heat and desiccation of the young leaf 
tissues at the soil line was the cause of the injury. Greenhouse air temper- 
atures of 100° F. occurred during the day. The soil used was a dark Barnes 
silt loam with high heat absorption. The elongation of the grass blades 
elevated the damaged tissues above the soil line. The growing point of the 
seedlings was protected by the leaf-whorl, but successive hot days and 
repetition of the injury reduced leaf area and finally resulted in the death 
of those more severely damaged. Observations indicated that those seedlings 
which died in the chloropicrin-treated soil were killed directly by the action 
of heat. Emergence was 35 per cent higher in the treated soil, indicating 
the absence of soil-borne pathogens. An average of 24, 13, and 1 per cent 
of the total seedlings died at the 30, 40, and 50 per cent moisture levels, 
respectively Department of Plant Pathology, South Dakota State College, 


Brookings, South Dakota. 


The Effect of Sodium Arsenite on the Combining Ability of Monosporid- 
ial Lines of Ustilago zeae.' Evisa HIiRSCHORN AND DONALD E. MUNNECKE. 
Monosporidial lines of Ustilago zeae can develop tolerance to increasing 
concentrations of sodium arsenite when grown for several successive transfer 
venerations on arsenic-containing media.* In studies designed to find out 
whether this increase in tolerance might be due to mutation, crosses were 
made between two ‘‘adapted’’ lines to find out whether the increased tol- 
erance would persist through the sexual generation. It was found, however, 
that one of the adapted lines had lost its ability to combine with a line of 
opposite sex and to produce galls and chlamydospores in inoculated corn 
plants. This was not true, however, of the other line. 

The lines used in the experiments were haploid, monosporidial lines, 
designated 10A4 and 17D4. They had been isolated originally by Stakman 
and his associates in 1934 and 1935, respectively. Both had been studied 
extensively and had been crossed to obtain solopathogenie lines, as 10A4 
earries a dominant factor for the tendency of promycelia to autolyze, which 
in turn is associated with a tendency for the production of diploid sporidia.* 


\pproved by the Director of the Minnesota Agricultural Experiment Station as 
Paper No. 2524 in the Scientific Series. 


Stakman, E. C., Frank J. Stevenson, and C. T. Wilson. Adaptation of mono- 
sporidl nes of Ustilago eae to arsenic. (Abstr. ) Phytopath. 36: 411. 1946. 

TI vidence for diploidy is strong but indirect. See: Chilton, St. John P. A 
heritable abnormality in the germination of chlamydospores of Ustilago zeae. Phyto- 


path 749-765. 1943. 
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Line 10A4 is non-mutable under ordinary conditions; 17D4 is moderately 
mutable. The lines are of opposite sex and produce normal galls and 
chlamydospores when inoculated together into corn plants.’ 

Both 10A4 and 17D4 adapted themselves readily to arsenic. The initial 
concentration of sodium arsenite at which they barely grew was approxi- 
mately 2500 p.p.m. in potato-dextrose agar. By transferring to successively 
higher concentrations, however, they eventually grew as well at 9000 p.p.m. 
as they had originally at 2500 p.p.m. 

After adaptation to sodium arsenite, however, the lines failed to cause 
infection in corn when combined in the usual way, whereas the checks 
caused normal infection. The following crosses therefore were made, with 
the results indicated: 10A4 (PDA) x 17D4 (PDA), good infection; 10A4 
(As))x17D4 (As), no infection; 1OA4 (PDA) x 17D4 (As), no infection; 
10A4 (As) x17D4 (PDA), good infection. 

In the parentheses, PDA indicates that the line had been grown only on 
potato-dextrose agar, and As, that it had grown for several asexual genera- 
tions on potato-dextrose agar containing sodium arsenite. It appeared that 
the sodium arsenite had at least temporarily arrested the ability of 17D4 to 
combine with 10A4 and produce galls and chlamydospores in corn, but that 
10A4 was not similarly affected. Further experiments were therefore made. 

Both 10A4 and 17D4 were transferred from potato-dextrose agar to 
potato-dextrose agar containing 1400 p.p.m. of sodium arsenite, then at 
monthly intervals successively to potato-dextrose agar containing 2400, 3000, 
4000, 5000, 6000, 7000, 8000, and 9000 p.p.m. of sodium arsenite. The upper 
limit of both lines was reached at 9000 p.p.m. of sodium arsenite. The patho- 
genicity of the cultures was tested every 10 days by transferring a small 
portion of mycelium from each kind of medium to potato-dextrose broth, 
allowing it to grow for 7 to 10 days, then mixing the two lines together, and 
inoculating with a hypodermic syringe into growing parts of 3-weeks-old 
corn plants. Galls and chlamydospores were formed within 3 weeks by the 
pathogenic combinations. 

At concentrations of sodium arsenite up to 7000 p.p.m. the two lines were 
very pathogenic, almost equaling the virulence of cultures that had never 
been grown on a medium containing arsenic. At concentrations of 8000 
p.p.m., however, the growth rates were much slower and line 17D4 failed 
to combine with 10A4 and cause infection, while 10A4 retained its effective- 
ness, as shown in table 1. 

The culture of 17D4 that was nonpathogenic after growing on 8000 
p.p.m. of sodium arsenite regained its pathogenicity after three transfer 
generations on potato-dextrose agar, although it appeared somewhat less 
virulent than it had been originally. 

The reasons for the temporary loss of combining ability of 17D4 after 

tStakman, E. C., M. F. Kernkamp, T. H. King, and W. J. Martin. Genetic factors 
for mutability and mutant characters in Ustilago zeae. Amer. Jour. Bot. 30: 37-48. 
1943. 
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TABLE 1. The effect of high concentrations of sodium arsenite on the patho- 
genie ) of two compatible monosporidial lines of Ustilago zeae 


Results? 


Combination made and medium* upon Number of plants 
which grown prior to inoculation Number of plants with bend amo ‘ 
inoculated feted 
10A4 17D4 33 21 
from PDA from PDA) 
10A4 17D4 180 0 
from 8000 p.p.m (from 8000 p.p.m. 
sodium arsenite sodium arsenite) 
10A4 17D4 61 0 
from PDA (from 8000 p.p.m. 
1OA4 sodium arsenite 
from 8000 p.p.m 17D4 99 43 
sodium arsenite (from PDA) 


PDA is the abbreviation for potato-dextrose agar. 

Results from three separate inoculations. 
having grown on 8000 p.p.m. of sodium arsenite are not known. The fact 
that the ability was regained, at least partially, after three transfer genera- 
tions on arsenic-free medium suggests that the change was a ‘‘ Dauermodifi- 
kation’’ rather than mutation. There is other supporting evidence for this 
assumption, although no categorical statement can be made.—University 
Farm, St. Paul, Minnesota. 





